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THE EFFECT OF VARYING PROPORTIONS OF POSITIVE AND NEGATIVE
INSTANCES ON STUDENT MISINTERPRETATION OF

STATISTICAL HYPOTHESIS TESTING

CHAPTER I

INTRODUCTION

The correct interpretation of statistical terminology and results
is an objective often listed for non~calculus courses in elementary
statistics (Campbell, 1974; CUPM, 19723 Huck, Cromier, & Bounds, 1974;
Johnson, 1975; Joiner & Campbell, 1976; Mendenhall & Ott, 1976). The
panel on statistics of the committee on the undergraduate program in

mathematics, in its June 1972 report, called: Introductory Statistics

Without Calculus, recommends:

The primary objective of the introductory statistics course should
be to introduce students to variability and uncertainty, and to
some common concepts of statistics; that is, to methods such as
point and interval estimates and hypothesis testing for drawing
inferences and making decisions from observed data. (p. 5)
With these objectives in mind, and with the increasing reliance
of the sciences on statistical methods as a means of inferring truth, it

seems that consumers, as well as producers of research, should have the

ability to appropriately interpret research applications of statistics.
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As suggested by Joiner and Campbell (1976), it is highly desirable that
the student be patiently observant, fully aware, and both sensitive and
sympathetic to the inadvertant errors of the researcher, which may place
limitations on one's conclusions. Schulte (1979) points out, and others,
i.e., Huff (1954), Rirk (1972), Kruskal (1978), Linton, Gallo, & Logan
(1975), and 0'Brien & Shapiro (1968) have suggested that there is a con-
siderable problem of misinterpretation in statistics among students, and
other con;umers of statistical informatiom.

In commenting on O'Brien and Shapiro (1968), Kirk (1972) noted
that, "There appears to be a natural tendency among students to attribute
surplus meaning to the concept of statistical significance. . . the fact
that a test statistic is declared significant tells an experimenter nothing
regarding the magnitude of the treatment effects or the practical impor-
tance or usefulness of the results." (p. 109)

The present author feels that evidence for one type of misinter-
pretation can be found in the results of Rosenthal & Gaito (1963), and
Beauchamp & May (1964). Their research involved university graduate
students and professors who displayed more confidence in a rejected null
hypothesis for a sample size of 100 than for a sample size of 10.

With respect to the opposite concern of exaggerating the meaning
of failure to reject the null hypothesis, Fisher states: "The null
hypothesis is never proved or established, but is possibly disproved in
the course of experimentation. Every experiment may be said to exist
only in order to give the facts a chance of disproving tﬁe null hypothe-

sis." (p. 16)



O0'Brien & Shapiro (1968) point out that there are basically four
types of findings in an experiment:

1. Small differences exist, and they are not statistically

significant.

2. Small differences exist, but they are statistically

significant.

3. Large differences exist, but they are not statistically

significant.

4., Large differences exist, and they are statistically

significant. (p. 674)
There would likely be less misinterpretation of statistical hypothesis
testing if #1 and #4 above were the only possible findings. The present
author's experience is that the existence of #2 and #3 leads some students
to feel that hypothesis testing is meaningless, a situation which, in the
opinion of the author, should be corrected.

The present research is concerned with misinterpretation of
statistical hypothesis testing. For purposes of this study, a student
will be considered to have misinterpreted a hypothesis test when one
either overgeneralized or undergeneralized the meaning of a statistical
test. Overgeneralization will be said to occur when a subject identifies
an inappropriate interpretation as appropriate; undergeneralizatipn, as
identifying an appropriate interpretation as inappropriate. In particular,
the study focuses on misinterpretation of the fwd independent sample t
test when'EI > X5 in the following situatioms:

1. WhenP < .05 in a very high power test.

2. WhenP < .05 in a very low power test.

3



3. When P

v

.05 in a very high power test.

4. When P

v

.05 in a very low power test.

One source of insight into misinterpretation may be found in the
work of learning theorists studying the role of using varying proportions
of positive and negative instances of a concept. One possible use of
positive and negative instances lies in the extinguishing of overgeneral-
ization (Klausmgier, Ghatala, & Frayer, 1974; Shumway, 1971, 1974;
Tennyson, Wooley, & Merrill, 1972).

Klausmeier, et al. (1974) cite research by Swanson (1972) which
demonstrated that students exposed to negative instances tended to:

1. Show more discrimination, i.e., less overgeneralization than

students who did not have such exposure, and

2. Have greater ability to recognize new instances, i.e., less

undergeneralization.
The above cited research by Swanson (1972) refers to a situation involving
initial learning of the environmental concepts of population, habitat,
and community, where no definition of those concepts was presented to the
sixth graders who served as subjects for the experiment.

In a replication (Swanson, 1972) which differed from the above
study only in that a definition of the concepts involved was presented,
there were no significant differences between the experimental groups
and the control group with respect to overgeneralization, or undergeneral-
ization. In terms of knowledge of definition of the concepts, students
who were given a rational set of positive instances only performed signif-
icantly better at the .05 level than students given a rational set of

both positive and negative instances.



According to Feldman (1972) when the concepts to be studied were
changed from the environmental concepts of prpulation, habitat, and com-
munity to the geometric concepts ¢f bilateral, rotational, and transla-
tional symmetry, with no definition of the concepts given, there was no
significant difference among experimental groups in terms of undergeneral-
ization. However, all groups performed significantly better than the con-
trol group. In terms of overgeneralization, the group exposed to a
rational set of both positive and.negative instances, and the group ex-
posed to two positive instances only for each concept performed signif-
icantly better than the control group.

Feldman replicated his own study again, this time giving concept
definitions to the subjects. The condition involving a rational set of
both positive ard negative instances, and the condition involving two
positive instances only, were significantly better than the control group
in terms of discrimination, i.e., resistance to overgeneralization. The
group having a rational set of positive instances only did not differ
significantly from the control group in terms of overgeneralization. In
terms of generalization, i.e., resistance to undergeneralization, each
of the experimental groups (a rational set of both positive and negative
instances, a rational set of positive instances only, and two positive
instances only) performed better, on the average, than did the control
group. Each difference was significant (P < .05), but there were no
significant differences among the experimental groups.

In terms of knowledge of definition of the concepts, the same
pattern was followed. When the criterion was knowledge of interrelation-
ships, the group having two positive instances only did best, and was
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significantly better than the control group (P < .05). The next best was
the group having a rational set of both positive and negative instances.

The third best was the group having a rational set of positive instances

only; and poorest of all, the control group.

Based on these results, and other research, e.g., Frayer (1970),
Klausmeier, et al. (1974), it is concluded that when no concept definition
is presented, a rational set of both positive and negative instances is
preferable, but that when a concept definition is provided, the type of
instance given, and their number, is less relevant.

Bruner (1956), and Hoveland & Weiss (1953) show preference for
positive over negative instances. Clark (1971), in a review of litera-
ture on positive over‘negative instances, summarizes the vast majority
of the research as being much more favorable to the use of positive in-
stances only. Hovlzever, Markle & Tiemann (1969), and Tennyson, Wooley, &
Merrill (1972), for example, have done research demonstrating the crucial
role that a mixture of positive and negative instances can play in the
learning sequence.

Markle & Tiemann (1969) suggested that using the proper number
and kind of positive instances discourages undergeneralization, and
using the proper number and kind of negative instances discourages over-
generalization.

Tennyson, Wooley, & Merrill (1972) used pairs of positive and
negative instances which were matched on dissimilarity in irrelevant
attributes, similarity in relevant attributes, and empirically obtained
probability of correct identification. On the average, the results

indicated a decreased tendency toward overgemeralizatiom.



Separate research by Frayer (1970), Swanson (1972), and Feldman
(1972) each illustrate that subjects who have had previous exposure to
definitions of the concepts in question benefit when presentations of
instances were accompanied by questions which were designed to illustrate
the relevant attributes of the instances.

Shumway (1971, 1974) found that, on the average, students exposed
to approximately equal numbers of positiv: and negative instances showed
less tendency to ove;éeneralize than students given positive instances
only. In his first study (1971) the subject matter involved concepts
from eighth grade mathematics. In his second study (1974) he was con-
cerned with negative instances in mathematical concept acquisition, and
their transfer effects between the concepts of commutativity and associa-
tivity. It is not clear to the present author that Shumway's results
would generalize from the situations which he presented, to the more com-
plex questions involved in avoiding misinterpretation in reading the re-
sults of statistical tests of hypothesis.

In a review of research, Bourne and Dominowski (1972) concluded
that while positive instances seem more effective for simple conjunctive
concepts, use of both positive and negative instances appears to be more
useful for more complex concepts.

Bourne and Guy (1968) have suggested that if the class of exem~
plars, or positive instances, are more homogeneous than the class of
nonexemplars, then positive instances may result in faster concept ac-
quisition. If the reverse is true, then negative instances are suggested.

Smoke (1933) is cited (Shumway, 1971; Hoveland & Weiss, 1953) as
antagonistic to negative instances. Smoke's study is concerned with the
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relative merits of two methods of concept learning when serial presentation
of the learning material is used. However, Smoke concluded, in italics:
"Although negative instances may not make for rapidity in learning they
tend to make for accuracy, expecially in the case of difficult concepts.”
Smoke also points out that students tend to come to wrong conclusions

and make "snap judgements" less frequently when taught with a mixture of
both positive and negative instances than when positive instances only

are employed. He further states: "It appears that in so far as negative -
instances assist concept learning, they do so largely because cf the way
in which they prevent the learner from coming to one or more erroneous
conclusions while he is still in the midst of the learning process."

(p. 588)

It seems fair to summarize past learning theory research in the
area of positive and negative instances as having mixed conclusioms. It
may be that the situation involving positive and negative instances is
concept specific.

Mathematicians, in teaching advanced classes of their discipline,
have often found negative instances to be a useful teaching aid, as at-

tested by the wide usage of Gelbaum & Olmsted's Counterexamples in Analysis

(1964), and Steen & Seebach's Counterexamples in Topology (1968).

Negative instances of approprizte statistical interpretation are
used in some statistics texts (Campbell, 1974; Johnson, 1975; Mendenhall &
Ott, 1976; 100 modules of Lefkon, Fletcher & Derderiamn, 1975). Campbell
devotes his entire book to the subject, as does Huff (1967). An entire

section (Good, 1978) of the Intermational Encyclopedia of Statistics

(Kruskal & Tanur, 1978) is also devoted to fallacies in statistical



thinking. However, the author was unable to locate any experimental
research dealing with the effectiveness of negative instances in extin-
guishing student tendency to misinterpret, overgeneralize, or overinter-
pret statistical results.

The present research attempts to make a small advance into this
void. Thus, the author deals with the question, "What is the effect of
varying proportions of positive and negative instances, i.e., appropriate
and inappropriate interpretations, on student misinterpretation of the
meaning of statistical hypothesis testing?"

While one may gain some insight from learning theory research,
such as cited above, the present research differs rather markedly in
several aspects:

1. The concepts in the present study are more complex.

2., The criteria of the present study is not speed of acquisition,

but rather, lack of tendency to misinterpret.
As Smoke (1933) has suggested, negative instances, "tend to make for ac-
curacy, especially in the case of difficult concepts.”

It is conjectured that, with increased proportions of negative
instances, up to two thirds negative, sensitivity to misinterpretation

will increase.



CHAPTER II
SUBJECTS

The 55 students who participated in the study were volunteers
from two sections of an elementary statistics course for non-majors at
the University of Oklahoma. One section met at 10:30 a.m., and the
other at 11:30 a.m., on Monday, Wednesday, and Friday during the spring
1977 semester. Three of the subjects were freshmen; sixteen each were
sophomores, juniors, and seniors, respectively; two were graduate students,
and two were unclassified. This group of 55 volunteers was considered
as one class for the purpose of recording results of the experiment.

Actually, there were three more volunteers than the 55 subjects
who participated in the study. However, the score of one subject was
deleted from the analysis because of late arrival. Also, scores of two
volunteers who completed the study were randomly selected for deletion,
in order to bring about a more nearly equal number of subjects in each
cell. Equality of cell size is helpful in terms of robustness of viola-
tions of assumptions to the model (Glass, Peckham, & Sanders, 1972).

The conducting of experiments had been discussed in class, and

students were advised that perhaps a good way to understand, and get a
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feel for an experiment, would be to participate in one. They were asked
to volunteer for an experiment which would deal with the learning of
selected concepts in statistics. The one non-volunteer did a computational
exercise instead. Students received the same number of points toward
their final grade for either their participation in the experiment, or

the alternate assignment.

In addition to discussing the conducting of experiments, thei class
studied, all in the context of one sample tests, the process of statistical
hypothesis testing with emphasis on the meaning of power; types I and II
error; alpha; the effect of sample size and variance on power when alpha
is held constant; the appropriate interpretation of the one sample t test
in relation to power; and other related topics;.

Perhaps one index of the subjects' mastery of the concept of
power in one sample tests can be found in the high proportion of correct
answers to some questions from a quiz given the week prior to the experi-
ment. Those questions appear in the appendices. Out of a total of 55
subjects in the study, the number of times various questions were missed
are as stated:

Question Times Missed

f#1 3
#2 0
i#3 1
its 1

Some subjects may have generalized from the one sample concept
of power to the two sample power concept without the aid of experimental

treatments.
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The subjects had also been introduced to both large and small,

matched and independent two sample tests.
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CHAPTER III
DESIGN

Two variables, one a treatment variable and the other a blocking
variable, were arranged in a 2X4 factorial design. The total group of
subjects was divided into halves on the basis of whether the student was
above or below the combined class median in terms of performance on the
first five quizzes and the midterm. Within each half of the combined
group students were randomly assigned to one of four treatments in such
a way that there were seven observations within each treatment for each
half of the class. Treatment I subjects received one third positive
instances and two thirds negative instances for each concept. Treatment
IT subjects received two thirds positive, and one third negative instances
for each concept. Treatment III subjects received all positive and no
negative instances for each concept. Treatment IV was used as a coatrol
group. The subjects in this group took the criterion test immediately
on entering the room while the other subjects were using the experimental
treatment materials. On completion of the criterion test, those subjects
in the control group did one of the treatment exercises, while the sub-

jects in the treatment groups did the criterion test.

13



Since there were 29 students in each half of the total sample,
the random assignment of seven students to each of the four groups left
one extra student in each half. These extra students were assigned to a
group, but thelr scores were not included in the analysis. Also, one
student in the "above median" control group was unavoidable detained, and
therefore was late in arriving. This score was deleted from the analysis.
Thus, there were only six observations for the "above median" control
cell, but seven observations for each of the other cells.

In all, there were four levels of a treatment variable, and two
levels of the cumulative achievement blocking variable.

The criterion test was a teacher-made fifteen item quiz which
was designed to measure student sensitivity to misinterpretation, and
interpretation of results of the two independent sample t test in situa-
tions where P < .05 in both very high power and very low power tests; and

situations where P 2 .05 in very high power and very low power tests.
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CHAPTER IV
MATERIALS AND PROCEDURES

The experimental treatments consisted of a four page packet,
followed by a two page criterion test. All materials used in the study
were teacher made.

Each page of the experimental packet contained 12 statements,
each of which required circling an "A" for agreement, or "D" for disagree-
ment, to the right of each statement. The correct answer was typed to
the left of each statement, and each correct answer was covered with a
small, removable label, or tab.

In order to assure protection of these correct answers from im-
pairment by the tabs to be placed over them, transparent tape was applied.
Then, a small white tab was placed over each correct answer, and modified
so that subjects could easily remove the tab and adequately receive im—
mediate reinforcement. A band of blue ink through the middle area of
the white tab concealed the letter below it. The tabs were then about
one third white area which should hold fast to the paper; cne third blue,
middle area, coveriné the answer; and one third white, finger-hold area

which should hold firmly, except for its edge.
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A 1abel similar to the tab, but larger, was used on the front
page of each packet as a name plate for each subject in the e#periment.
The packets were then arranged in separate folders, according to the group
to which each subject had been randomly assigned.

At the scheduled time for the experiment, packets were passed out,
and subjects were requested to read directions on the front page, but not
to open packets until so directed.

The front page of each experimental treatment contained the fol-
lowing brief directions to the subject on how to proceed throughout the
exercises:

"Read each of the statements on the following pages. Circle "A"
if you agree, and '"D" if you disagree. Each time you have circled your
choice, then raise the tab at the left to see the correct answer. Many
thanks for your cooperation."

On the upper half of page one of the exercises, the subject reads:

"Assume all assumptions are met for the two independent sample t."
Then follows the passage:

"Suppose that we have a two tailed two independent sample t test
which is highly insensitive to differences in population means (u's),
i.e., a low power test. If we accept the null hypothesis at the .05
level, with'il > ig, this suggests that. . . ."

In the six different interpretations which follow, the subject
is asked to indicate agreement or disagreement by circling thes "A" or "D"
at the right of the statement. After indicating a choice on a statement,
the subject is to 1ift the seal to the left of that statement in order
to find the correct response. The subject should then proceed to the

next statement.
16



On theilower half of page one is a description which suggests
the same situation as above, but with a slightly different approach.
Instead of specifically telling the subject that this sZtuation has a
low power test which would imply insensitivity to differences in popula-
tion means, the subject is informed that there are four observations in
each treatment, and that the variance is extremely large. The same six
proposed interpretations as in the above item follow in-reverse order,
and the subject proceeds as directed.

‘ The second page of the exercises follows the same format, but
this time a high power test is used with the null hypothesis accepted.
The third page has a high power test with the null hypothesis rejected,
and the last page has a low power test with the null hypothesis rejected.

Copies of the experimental treatment appear in the appendices.

For Treatment I subjects, two thirds of the interpretations for
each situation on each page were negative instances of correct interpre-
tations and one third were positive instances. For Treatment II subjects,
one third of the interpretations were negative instances, and two thirds
were positive. For Treatment III subjects, all of the interpretations
were positive, that is, correct, or appropriate. Treatment IV, the
control group, took the criterion test while the other subjects were
doing the exercises. The control group had not seen any form of the
exercises. When all subjects had completed their task, those who had
taken the experimental treatments were given the criterion test.

The criterion, which appears in the appendices, was a fifteen
item multiple rank choice quiz, taken immediately after the experimental

treatments were completed. In the present study, the multiple rank
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choice test required the subjecc to place a "3" beside the most appropri-
ate response, a "2" beside the next best choice, down to "0" for the
worst possible choice. The number of points a subject earned is the
number placed beside the correct response. The total score for the test
is the sum of points earned for the fifteen questions. The maximum num-
ber of points is 45. Multiple rank choice format was used in preference
to the usual multiple choice due to increased reliability and simplicity
(Poizner, 1974).

The entire experiment, both treatments and criterion test, was
conducted within the fifty minute perivd during which the student normally
attends class. Subjects were allowed as much time as desired on both the
experimental treatments, and on the criterion test. No subject spent
longer than thirty minutes on the experimental treatments, or longer than
fifteen minutes on the criterion.

Volunteers from previous mathematics and psychology statistics
classes previewed the experiment in order to help the author locate any
difficulty or problem which wight exist in the exercises, in handling the
materials, or in the criterion. They also aided in ascertaining the

approximate amount of time needed for each phase of the experiment.
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CHAPTER V
THE DEPENDENT VARIABLE

The dependent variable was a criterion test designed to measure
many types of ﬁisinterpretation of the results of a two independent
sample t test. Each mistake the subject makes on this type of test in-
volves a combination of both overgeneralization and undergeneralization.
If the subject errs by placing the "3" in the space preceding an incorrect
alternative, i.e., misinterpretation, the subject has overgenmeralized by
identifying a false alternative as being the best answer or interpreta-
tion, but has undergeneralized by failing to recognize the correct alter-
native. The number placed beside the correct answer attempts to estimate
the degree of confidence the subject felt in the "true'", best alternative,
and is, in this sense, related to a measure of resistance to undergeneral-~
ization. However, since ties are not permitted (a number may be used
only one time for each item), the number placed beside the true best an-
swer, when subtracted from three, tells us the maximum number of times
the subject could have overgeneralized (one for each alternative con-
sidered).

It could be said, then, that the above mentioned measures of

19



overgeneralization and undergeneralization are confounded. A variable,
defined in terms of two confounded measures, is influenced by either of
the two measures acting alone, or by some combination of the fwo. Mis~
interpretation is influenced, the author believes, by overgeneralization,
undergeneralization, or by some combination of the two acting together.
Thus, the author feels that while it was relevant to discuss some
of the literature dealing with use of positive and negative instances,
in terms of their influence on overgeneralization, undergeneralization,
and knowledge of definition, the reader is reminded that the dependent
variable in this study involves misinterpretation of results of the two

independent sample t test.
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CHAPTER VI
RESULTS

The results of this experiment were in the predictgd direction.
The ANOVA unweighted means analysis (Yates, 1934; Kirk, 1969; Glass &
Stanley, 1970) test for interaction between treatments and achievement
did not approach significance (P = .8329; F = .2915 with 3 and 47 d.£.).
This result ipdicates that, on the average, the amount of difference
among treatment means was not greatly different for the "above median"
achievers than for the ''below median' achievers. In other words, the
pattern of observed differences in means was not greatly situation spe-
cific, depending upon whether students were above or below the median
in performance.

In terms of analysis of differences among treatments, two sepa-
rate omnibus F tests were conducted. The design originally intended for
use in this study involved a 2X4 factorial unweighted means analysis
of variance (Glass & Stanley, 1970; Kirk, 1969; Yates, 1934). After
this analysis had been completed, Speed & Monlezun (1979) suggested that
the unweighted means analysis yields distorted P values, unless the

design is a 2% factorial. The decision was made to check the original
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omnibus F test for treatments by collapsing over achievement levels, and
carrying out a one way ANOVA on treatments.

The resulting P value for this one way ANOVA was .0112 (F = 4.095
with 3 and 51 d.f.) while the original P value for treatment differences
in the unweighted means analysis was .0026 (F = 5.6165 with 3 and 47 d.f.).
The fact that the one way ANOVA yielded a higher P value may result from
the decrease in power which would naturally occur by not blocking over
performance levels. The basic results still indicate an ommibus F test
significant at the .05 level for treatments. Thus, there does appear to
be at least one significant contrast among treatment groups.

In terms of power for the sample size used, the maximum probability
of detecting a true maximum difference of two standard deviations among
treatment means is .99; the minimum probability of detecting a difference
of one half standard deviation difference among population treatment means
' is less than .3. About 19% of the total sample variance can be attributed
to treatment differences.

Next, all pair-wise comparisons among treatment means were tested
at the .05 experimentwise level using the Aspin-Welch modification of the
Tukey Test, as discussed by Games & Howell (1976). This method was used
so that the probability of one or more false rejections of the null is
held at .05, or approximately at .05, due to possible violation of as-
sumptions (Games & Howell, 1976). Of the six possible comparisons only
one was significant by this method. The significant comparison was be-
tween the control group and the group receiving two thirds negative, one
third positive instances. The P value for this comparison was slightly

less than .0l. However, all of the six differences among sample means
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were in the direction predicted. That is, the group receiving two thirds
negative instances did best (X = 39.5); the group receiving one third
negative instances did next best (X = 36.57). Then, the group receiving
all positive instances (X = 35.64); and finally, the control group
(X = 31.62).

Further discussion conqerning the test used in the analysis which

vielded the above results are included in the appendix.
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CHAPTER VII
DISCUSSION

The author feels that in spite of limitations, the P values
generated in this study are reasonably clbse to what would have been
obtained with a sample of the same size, and randomly selected from un-—
dergraduate statistics classes for non-majors in large state supported
universities, in the latter half of the 1970's.

Furthermore, the author feels that the study gives limited sup-
port to the hypothesis that increased proportions of positive and nega-
tive instances, up to two thirds negative and one third positive, yield
increased resistance to misinterpretation of statistical hypcthesis
testing with the two independent sample t test. Also, the study suggests
evidence that the above pattern of differences does not depend on whether
the subjects were above or below the median performance on previous quizzes
and the midterm.

The word "limited" is used for several reasons. First, although
the trend was in the predicted direction in terms of sample location
measures, only the comparison between two thirds negative and the control

group was significant at the .05 level, using the Aspin-Welch modification
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of the Tukey Test.

Second, there was only one dependent variable. Other variables,
such as retention measures, attitudinal measures, and many others, would
also be of interest in future studies. Use of additional variables in
the present study would have required a time frame in excess of one 50~
minute class period. The author felt that the use of only one class
period was necessary in order to insure that the observations be com-
pletely indepenéent. Violation of.the requirement of independent obser-
vations is serious in that it leads to extremely distorted P values,
according to research conducted by Box (1954), and reported by Scheffe
(1959), Glass et al. (1972), and Elashoff & Elashoff (1978).

Third, subjects did not have experience in computing power for
various alternatives and sample sizes, using the two independent sample
t test.

' Fourth, some subjects may have been demotivated because they
had been informed that their performance in the experiment would not
affect their grades. The author felt that, for ethical considerationms,
a subject should nct be penalized, either emotionally or academically,
because of the treatment to which that student had been randomly assigned.

In terms of reliability, no index was computed, although research
by Poizner (1974) shows that this particular grading system, namely the
multiple rank choice, maximizes the reliability for multiple choice
style tests. The only measure of validity was face validity, as deter-
mined by the author, and by Professor Toothaker. Perhaps there are
other measures of misinterpretation which might not have lower reli-

ability, but higher wvalidity.
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The author does not feel that his results would be significantly
affected by violation of underlying assumptions on the basis of voluminous
research conducted in this area (Box, 1953; Boneau, 1960; Donaldson, 1968;
Elashoff & Elashoff, 1978; Feir & Toothaker, 1974; Games & Lucas, 1966;
Glass, et al., 1972; Norton, 1949; Sheffé, 1959; Toothaker, 1972; and
many others). Further discussion concerning analysis of data is contained
in the appendices.

The author feels that the present study does have implications
for further research in the area of the differential effect of positive
and negative instances on misinterpretation of statistics, as well as
other areas of both mathematics and science. However, the author does
not feel that the results of this study have any immediate implicatiomns
for use in the statistiecs classroom. The hesitancy felt by the author
stems both from the above stated limitations in the present study as well
as the lack of related literature which the author was able to locate.
Classroom implementation should occur only as a result of sound philo-
sophical examination, as well as an extended series of empirical studies,
all, or most of which, tend to support the same, or similar, conclusions.
Hopefully this on—going process of examination, and reexamination will
continue in statistics education. For the survival of a technical,
democratic state which bases important, and, at times, even life saving
decisions on the results of statistical tests, a sound education in data
analysis and interpretation is vital. Recent events make obvious the
increasing reliance of the sciences on statistical methods as a means of
infering truth. This dependence of society on statistics implies that

both producers and consumers of research should have considerable ability
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to interpret research applications of statistics.

Joiner and Campbell (1976) in Modular Instruction in Statistics:

Report of the American Statistical Association, state:

There is little doubt that statistics has become one of the key
tools of science, history, and indeed, society as a whole. Today
an understanding of statistical concepts is important to every
citizen and crucial to anyone doing quantitative research in the
social, biological or physical sciences. Yet, statistics remains
a widely fearad and little understood subject. (pp. 87-88)
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APPENDIX A
EXPERIMENTAL TREATMENTS

On the first page which follows the reader will see a reduced
Xerox copy of the first page of Treatment I (two thirds negative instances,
one third positive instances) with the tabs in place as the subjects in
Treatment I first saw them. On the second page which follows the reader
will see a reduced Xerox copy of that same first page of Treatment I,
but with the tabs removed and the correct responses exposed. Each of
the following pages are displayed without the tabs and the correct res-
ponses exposed.

The order of treatments is: first, Treatment I (two thirds nega-
tive instances, one third positive instances); second, Treatment II (one
third negative instances, two thirds positive instances); and lastly,

Treatment III (all positiQe instances).
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ASSUHE ALL ASSUMPTIONS AlE MEP FOR THe 2-INDLZPENDENT SAMPLZ T.

1L we reject IIC: w, = P in & sgry low couer hest, ¢hatl is, very

YA

t)

U o o >

tnsenaliive Go Qiffszranees Ln population ncans; X, 2 'f‘,. Liils Lalicates:
1 ig ceruain tiat pa > Ja- A
in ia very 1ikely wnub !y 13 copsiderably Larger thal p.. A D
A% L3 certain tiat ., is vomsiderily larges thoea i,. A D

<t is certaln that My - My 33 13rse. A D
't is certain that jp, # o A o]

The difference tetwesn p and Fo is lilkely 1o he fairly ilarge. & 9

ASSUME ALL ASSUMPTIONS i#RE MIT FO

o
—~

THE 2~INDLIENDENT SAUfLEX,

SELVR t:on.f

AV RV

[

(#]

io swuen group; very large %z =ad X > "-'.;2, tniz inditate

il we reject 'ric: N7 = Mo 3L the 05 Lewsl, wALL

o i3 likely %o be fajrly lerge.

Jo
1]

2, in 1s certain tpat p, ‘7-“-‘ Jine 1 D

3, i1iu .8 certala tuat R larse. & 009

4, It .8 certzin thzt gy 18 consldoraply larger wurn ks, A 2
5. 1% 13 very illely that py iz considerably largor Lhan Y. A D
8, It Is certaln than u- > Ms. & 0B

40

A

D



» D P > O

ASSUME ALL ASSUMPZICKS ARZ MET FOR IHE 2-INDEPZNDEINT SAMPLE t.
Suppose that we have a 2 talled 2 independent ssuple ¢ tast iich

== &

13 highty insanaitive Lo differences :.n populiacion msans (m'3s), that is

a low power test. If we gecept Hyily = fiy 2t the .05 level, wiid .'-7..‘> 50

this suggests that:

1. 1% is likely that By is very near Boe A 2

2. Pl wsy be near, or zmay be far froc Mo a D

3. Py - R, mey bg smell, or 1t may bo large. A D

4, It qust ba that R > Py A D

5. Since the test 1s alghly insenmsitlve to unequal u's, we may have
falled Lo detect 2 meenlngful difference between u's, A D

§. It is best to withhold judgment comcerning tae rslationstiy bo-
wwean }.11 and }12. A D

ASSUME ALL ASSUMPTIONS ARE MUT FOR THE 2-INDEFENDENMT SAMPLE T.
Suppcese that we test HO:):.l = Pa at the .05 lovel, with 2 2 tailed

2 independent sample t; 4 obeervotions in onch zroup, exivemely larzs

wariences, and x> Ka' Tf we geesut H iR = jp, this susgests that:

1, It 14 Dest 4o withhold Jjudgment coaccrning the relationshliy be-
tween p and pi. A D

2. Sincs the test 1s hlghiy irsensitive lo unequul p's, we may héve
failed to detect a meaningful differcnce between p's, A D

3. It must be that P> Ry A D

4, | B, may te small, or it may e larre. A 3
T ve 1v zay be fax frozm 1, -

5. p, @3y ve near, or i y ke faxr £ Ho 4 D

6. It L3 likely that By i3 very pear w,. A D
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ASSUME ALL ASSU:.-L“‘J.ORS ARZ MET FORX THE 2~-INDESPENDINT SAMPLE T.

Sarpose we have a. 2 talled 2 indeyondent sample t test whicn ig nighly

L.

seasliive 4o diZfersnses in ponulniion meams (R's), f.s., hizh scued Lost.

1f wo accept H, 2§, at the LG5 level, and ‘{1 > X, this indicstes thas
1. I& is cortain s 2

5 ain that py = 2 4 2
2. - Xt i3 very likely {that ~ ig nezar Poe A D ¢
S & 18 very iilkzely ihat st z2nd 2y 2re clcse, A
4, It 1s very uniikely that R is large. A D

-

5. It 1z certain ufl T M is na2ue P A 3

6. The differonce betweern Pr aazd Ha iz likeiy tc be s..u.‘l. A o}

ASSIME ALL ASSUMPRICHS ARES MET FOR THE 2-INDEPEHRDENT SAMPLE €,

If we zeceph Hy: By = Jip 2L 20 203 level, in a 2 tailzd 2 indzgol

sagple ¥ test; = =/,lo,c-co sbgervetlispes i esch Irous, ¥2RY Smoil

3«’.1 > %,, this indicates thst

l. The diffsrsnce between M and Ha iz lizely to Yo smalil. A D

2, It is coartain taat e ig

4]

e:’r/uz. A D

(V)
L]
t

ih i3 very unlikely that Mo A iz jarge. A O

4, It is very likely tiet W, snd ju, are close. A B
- It R

5 very likely that B is very nsar p,. A D

L]
[
b
(™
[¢]

certain ..na... = ].l . 4 D
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ASSUME ALL ASSUMPTIONS ARE NET FOR THE 2-INSI2ENDE)

Suppose we huve a 3vatlslical test which 1s hialily Seaelitiv

————

difforonees in populciics means {(l.e 2 hizh o3wer teztj. IT we rejsct
= ¥y at t3e 135 levsl. with 4y > X5, then his 3uggesis that:

1, that

2t

v s wllzely

P

xt_.'_ is acar }12

]

;11 - nay be saxll, or ooy e luarge,

3. Thie sansttive test aay asve rejfectad Hy:y, =
{erencs tatireen means A D .
4. it is ilikely that “ ig murn larged tazan '2.
5. Lt is tikely thad B, > Mo, bub we sannot say b
€. Ihis z-usiiive Lzst alshi reject I
close. A 2

semen A
i MUR

THE 2-1:

cvan

A

w

cle

2. Lt i3 dlkely that By 7 Pas but we cannot sz

oy V20 a2 .
L

By ob the 035 leve

2y how much ¢

iz Likely that } >0, &

-};2

}:2 dus 0 a swmall Jif-

A D

W ;mush Sreater, A P

[~

and Pe 22

R -av,

RLErERDANT SAMNPLE B,
T, witii o 2 tniled

YT sm2il

:-::es'cs :

Pz are

o

s Sy o=
s this sv

zns

[ £px

isn ‘ul

3. 18 is Mlikaly thzt u_, t3 much lavger tnan uﬁ. 4 D

5. Thiz sensitive test auy hav: reject }io: ,u.l = o duz to = Bmaii dif-
ferznce tetwazn peang. A D

3, A small, or may te large, ouh Lt L3 iliiely thet *'.,—pe)_ﬁ A
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ASSUME ALIL ASSYUMPTIONS ARE MET FOR THE 2-INILIFZUDERT SAMIIE %,

L we raject H.: K S My in 3 gery luw power heuy, Lali LS. §eTY
G &

insensitive to diffarencss_ o 200ulsgiing Teasng: xl> 7.?_. Tulr indicentes:

l. 1t is very lliely inan p] i3 larver than 1. a D
. A

2, 1v ig certain thkai 1 i3 coasidersHly lctger theu }12. A D

3. It is very likely whaw 1, is coms:decabyy larger fnan j,. A D
-

4, It is certain tunat ji = Fp b8 large. A 3

5., 1b is very uniiXxsely that 2 and Fo @Pe wtrgmaly clogse. A4 2

6, The dlfference beotwest 4, 2nd Fp &3 tlkely te te lairly .arcé. A D

=

.

ASSWIZE L1, ASSINFTIONS JRS MET FOXR THE 2-INLLPEUDENT SAMILE .
L odwe pejsat Hoi gy T op, 4% the W05 level, with n = & chServations
in each groug; vory iarga 523, i i} > iz; this indicates fhat:

1. the differsace Sztwess I, 27d |3y iz Likely ta be fairly large. A D

2, It is very unlilely tiat p, and Pe oar extrecely close. A >
1 .

5. it is certain tkat u, - Fo is large. & 2

4, it is very liXely thac A, is consiieradly Lsrzer sr2a Hy- A D
5. 1t 1ls certain that ‘ul i3 comslderzlly “largar than Pa A D
6. It is very likely that }‘i is larger “han o A o}
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ASSUME ALL ASSUMPTIONS ARE METL » 'f THE 2-IHDRZIMDERT SAXSLE .

v

Suppose that we have = 2 tailed £ independent szndle & test valeh is

highiy inseraitive to differences in pepuiation meers (w's), thak

iow powar ts3t. T2 e zcespt :-iozyl = Ry 2% the .05 lsvel, with ;(?‘> X,

thls suzgeats thas:
l. 3 may te nooy, or may Se far from Pa- A D

2. By - Pp 387 t2 snall, or it mey be large. & D

3¢ Sinca thls test is highly insensliive Lo une ;;‘s, wQ may i
falled 4o detzet & meeningful diffuronce detwsen ,u’s. CO |
4, We would liksly accept i.o'uj Fo: ovenr I j1y ic wmoderaiely

5. T Fo By be nsar, or may be far from 0. 4 T

6. It i3 best to withhold Jjudgment concernizg the relationshiy

u.az:d).zz. A 3

ASSUME ALL ASSUNPTICUS ARE M=T FOR THE 2-IDLEPEIJNNT S::0°L2

Suppese that we test Hypipy = Py ob the .05 levsl, with & 2 %

2-independont sacple t; 4 cbservavions in ctchr mroua.

variances. and ¥

-
& =

l. It is best to withncld judgment cemesralng the relaticonziiy b

Twee ple.nd);a A 3D

2. B = Po =¥ be nmer, or may te far freom 9. A D

3. ¥e would lilely accept Hy: )4y = ;. even if py i3 modexatoly 1

rrcm)z. A D

4, Since this test is nigkly insensitive to unequal p's. we :EF L.

f2421ed te detect a meunlaglul differance hetwsen
S. }.11 - Ro @&y be smalil., or it aay be larse. A T

8. }11 zay te nesr, or may bs rar from Bye A b
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ASSUME ALL ASSUMPRIONS ARZ MET FOR THE 2-INDEPENDINT SAXIE i,

v
-

Suppose we have a2 2 talled 2 indepardant, sample U test «siich is highly

senoitive to differences lr vooulaitiopn mesas (j2's). i.e., hizh pcuzr tess.

o -

If we aczcept H.o: h. = po at ke .05 Zevel, and .T’.l> )‘2. this ingicai.or Lnaw:

ale. It i3 vory llkely thzt ¥y is neex P2 4 I

A 2. It i3 vweory iikely tutmadl 1“1 -~ Ry is mzar Q. a3

A D, 1t is vory likeliy kel A znd ;.22 ars Classz. A D
A4, It is very unlikzeliy that By and Pp aTe Tar apart. a =D.

A B. TU ig very u=ilkaly toat N ) is lerga. A I .
& O, e ditference bcib‘s‘eén )"‘J 2ad Jy is ilkely to Le swall. A o
ASSWHE ALL ASSUMPTIONS A4RE MET FCR THE 2-IKDESENDERT SAPLE 4.
Tf @e accent i,: iy T pp 20 the LG5 Ievel, in a ¢ tailed 2 Ledepcadsut
sazple © Lest; B <4LAHQOG0 ohssrTenlons .o &ach SroUE, vYeéry small 3” , and
. X > X, this indicates that:

4 1. The difference besiween 2, and p ie likely i de Iwail. & D
a 2, It 1s very unlikely that p; - ;5 1c larze. = o]

A 3. 1t is very unliitely tkat ot snd }:2 are ior apert. & 00D

A 4, It is very likely ibet P and Py ars ¢loge. A ©on

4 9. 1t 18 very likely thet u, - Po ig mear 0. & D

Iy
4 6. It is very likely that A is mear p,» 4 D
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ASSUME ALL ASSUMPTIONS ARE MET FOR THE 2-INDiriiiDElr? SAMILE ¢.

Supposa we have = ttatistleal tegt waalcea is Lishl s -onsitive 4.: di

FC Tt

ences in population msauy (L.e. 3 sl powas fecti. L vz palect :J.Q:ul 2 u,

at the ,05 levol, with X, > X, thzn ibic suggests That:

tat 14 Ls LiMely thal peesi . 4

2s Py - p maY bs szall, ar m2y be larg

3. If A ¢ Jo» an ouscame at laosh this esbcens eoudld ceswis wild Fron.Dile
Jty lezs than .08. A D

4. This sensitive toch mey have rejeeied i b due O = suwel. 4l

2

ferenco betwocea msunsd. & =

S, It iz likely that P> o

6. This zansitive test mipgh

ASSUME ALL ASSUMSTICNS AGE XET IUR IHE 2-f8LWFIUDTLY SALLD &

Suppese that we iest X: pg S siThoa 2 niled

2 indegsndent sample t; 20500 ctsenvaiisuc in zuih «ron

0]

. Tor:_seall sem-

ple variances, and X, > . IT we rajead

1. This sznsitive test might Tcject Fa

2, It ls likely that Fq > Up, Dt we cnangci gay Low zugh gresier. & L

3. Tais sensitive test may nave rejechued "{o‘ Fi T oMo dus LS o osmnli ALT-

Terence bastween means, & z

(M

4, If Iu.l = }‘2’ an gutcome &y lsasth this exiresz coculd geour with prada-
biiity less than .C5. 4 D
S. PR be small. or m2y Be larca,. oul It is Likoly ulal Pi-ip” 2. A

3. P z2y be near. or zay do fazr fron

47

1. py may be moar, or wwy be far irom Sg, BIL IV Lo Likely UhAU g 2 jip. 4 D
2

» o Ban Lt I3 Iiltely ihet M > P E S
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- R

-

The differcucs batue

LiRkely Lo b

82 B, A fa LT

2, It 1s very unliikely tuai By = Jo, 18 very Fuall.
~ 1% 13 very unliixely hoab oy and ¥, 2i'g 2Xirefols ol
Y e
4. 4t is very likely lhat i, ~ R, le rairly large.
/L <~
5. % is very iiuely hhab ji is cousideradbly largsr b

is very lix=iy 1

Ltaat
HIES
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ASSUAE ALL iSSUSSIIOHS &XE HEP Ok Uk 2-INDEXEIDENT SkiELI t.
IT we refoct B _: a = B, in 8 gary Jow cowes Tast, nal ta, Camy
27 '3 2 ~
insonsitive $0 differsacas i uor "‘.:.'o\._,.e'"zs_: Xl > Xz, tals ineicats
1. Tt 35 very iikely tiut "li 1s larger itka2n Ha- £ o]
2. It i3 very likely inuid By +8 coTelisrvdly lirsas thap B, & L
3. It is very likely tbat g PN falrly large & 5
4, 1t i3 very unlikely iuat in and 1, Are axXTremely close A D
5. It ls very uniilkelr thai e i3 wgpy 3mall. EY Pl
6, The diiflerunce Lstwoecu By and B in Lizely v be .;J.r!.}f iarve. A
ZSUME ALL ASSUMSTIONS 4RZ MED .":*— NT S0l L.
I wo relect g 45 3 By 20 the lzweil, w.th n = 4 guservaticns
in eseir zeoup; sery lsrge s%s . ane "l > Xy, thi: indicates thav



APPENDIX B

CRITERION TEST

FOR EACH ALTERIATIVE OF TACH ITTid. GIVE A RAYK OF 37 to ¥0Fs 737 RIgT

BESZONSE, 72¥ HEXT CHOICE, EIC, EVALUATE TACH ITEX CARSFGLLY RZS0RE CHCOSING.

ASSUME ALL UNDERLYING ASSUMPTIONS ARE ¥ET FCR TEE 2 tziled 2 independent
SAMPLE ¢ TZST WHICE IS BETNG USED IN QUESTICNS le=i3, -

Sack of 2 grewps containing o rats is fed one of two dlats for 5 wesks,
It is then desived to test Hg: Ay = Ry wheTe iy is the population mean welzat
for rats fed diet 1, and ¥ iz t2e pepzlsiien mean woizht for rats fed diat 2.
‘1o IF A = R, is Tejocted 2% tha .05 lovel, .:bx..n‘f(l >'X2 i a very high
poves tast, then it is ___ truo that A i3 much graatar tha:xp2:

———3) certainy

~—D) Lixaiy

—C) maither 1ikely, nor unlikeiy

—d) mlilely

2 IfH,:p =p, is rajccted ar the .03 level, vhwm §: > 7-('2 ia a very low
powar Tast, thaa it 78 __ Tue thar;z_,.ismzchlezgzcthan;zz:

— 3) ceptainly

- B) 2ikely

—— C) meither likeiy, mecr wmiikely

~— 4} walikaly

o 1If HO: 2. = P, is rajacted at the o035 avel, when xl > x2 iz 2 vary lov

bowsn test, then it is — true WSt i very mead 3,:
—— 2) coztainly

-— D) likely

-— ¢) Teither 1ikely, acy wmiikely

—i) miiiely

&, If Hg: A =R is vajected 2t the 005 faval, whan E:._ > Ez, o = 56,000,
a@d very smail S%, them it i3 ___ tmue that jy i3 zuch iarger them ju:

— 2) cartainly o N
— B) ZiXely

- C) neitiar 1ikely, ter unlilaly

— &) miilely

-49 -



So If'}io: B =P is rejectsd It T 03 lavel when K. > ‘..72, 23 %, and
5*% xra Sairly larzs, then it is ___ wwa thet g Is auch lavgar than p I

.2} cartzinly )

—DbJ likely

—C2 meither 2ikely, nor miiksiy

——d) miikaly

So Ifﬁozgzla'pzismjactedatfaeooss.avt‘.,thanitis_met‘az iF
A = P ths prcdability of cbiaining g % valus talis e::tmug, o> marz, iz L0582

—2) cartaiaiy

D) ikaiy -

aC) R2ither likaly., m > walikely

—d} mmlikely

-
w

7o If Mot gy = p, Is accepted at ths o005 Lavel, wken 3?1 > ¥, in 2 very high
Dowar te3r%, then it is . wwus that A 1s =uel lzrger than Pt

2} camezialy

D} iikely

—t) neither Iikaly, ner unlikaiy

—q) miikely

Se I i-:az M = Bq is aceepted at the .05 lavel wzen '.‘?1 > iz in 2 Tary low
power tast, then It Iis . true ‘.'bz‘.';ul is vory nea Pyt

—=2} cortainly

—=D) likely

—.C} neithsr likely, zor uxiikely

—d) mlikaly

%. - IfH;! g =g, is accepted at the .05 lovel, with :’:1 > 7{2 ir a very high

sowar Test, them it is __+zus that 5, iIs vary nea u,:
—3) catainly ) )
D) 1ikaly
—=t) peithar likely, i wmililaly
—3) miikaly



10, if E 2 T, ic zccaptad at the 405 lavel when ..1 > X ..2, n =3, and
s%s ave v”y L;rva. than iv Ix_ -oue that Ay is vary nesar A%

—) certiialy

—B) ikaly

—3) Belithar 1ivaly, nor wnlikely
} smlikeldy

3. bis B ! R

=3 I u.. is accep*ed az the o905 level when ﬁ)ﬁq. a = 50,000,
and‘m:ystan.sso ':2:...... _.mthat;zlxovemynsar;az.
—3) cartiiniy
—D) 1ikely '
——¢) nefther Likaly, nor milikely ’ —-C) miicaly
12, Ir H o .12 1s accepted at the U5 lavael waen (1> in a = %g,0CC,

a.udverv*nmss,x.hcn:.d ""r.ua..‘ta"'y:L mmlargwth‘n,zz
—) certainly
—b} Lilaly
<} nefzher iikely, ncr mlikely
i) wlikely

13. IS ua reiuct & R R

a t the .05 lsvel, amnd ‘T:l> 1"2,, chen it is —

—ue that A >n

- d) coriainiy

—d) kaly

G} meither likely, nor wmiikaly

—_—1) miiely

ba “hen we laaxa that an invastizator has rejaectsd Ho: W = a, at “he G5
sevel with X‘l > :(2. we cun da absolutely cartain that:

—_— By > Bgo D) Ay iz novhare naax Hyo

—Ci if.;xl = Pas sagple datz this extrsme, or Tore S0, could ocowr losg than
5% of the +ima, cn tha average.

—) it is mnlikely kst 3;1 is aear Bao

is, iken it is lsamed that an iavastigated has accented Ag: R
205 Iewal, with ‘L, > % oo WE oE be absolutaly certain: -
—it }11 = e _...b) ;11 iz o ar:’:,za

—=r) 1t Ls Iikely that By is gear Pao
i) only that ¥ Rty = R, WS B0t rejested,

-5i-



APPENDIX C

SOME ITEMS FROM A QUIZ GIVEN THE WEEK
PRIOR TO THE EXPERIMENT
Pts.

FOR EACH ALTERNATIVE OF EACH ITEM, GIVE A RANK OF "3" to "0"; "3" BEST
RESPONSE, "2" FOR NEXT CHOICE, ETC. EVALUATE EACH ITEM BEFORE CHOOSING.

1. If Ho: p=9, a= .05 and power = .85 for Hy: ps= 9.25, then:

9 is .0S.
9.25 is .85.
9.25 is .15.

a) Probability we reject Ho when u

b) Probability we reject Ho when u

c) Probability we accept Ho when u

d) All of the above are true.

3

2. In the hypothesis tests which we are considering, when a = .05, for
power to increase, we would want:

a) sample size to increase, and variance decrease.

b) sample size to decrease, and variance increase.

—

c) sample size and variance both to increase.

s

d) sample size and variance both to decrease.

——

3. Power can be thought of intuitively as a measure of:

a) insensitivity of the test to deviations from Ho.
b) sensitivity of the test to deviations from Ho.
c) 1insensitivity of the test to violations of assumptions.

d) 1 - P (Type I error).

4, When H : y = 0, then if in reality p = 1, the hypothesis test we use
would De most likely to reject Ho if for le p = 1, the test had:

a) low power.

—

b) moderate to high power.

c) very high power.

—

d) We would always reject Ho: p = 0 when y = 1, regardless of power.
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APPENDIX D

BAW SCORE DATA

Group 1 Group 2 Group 3 Group 4

ABOVE 45 84 45 42

MEDIAN 44 43 43 41
33 42 42 36
43 30 a1 32
41 39 40 30
80 33 35 27
39 35 33

3ELOW 41 81 36 40

MEDIAN 51 30 30 34
39 35 33 31
38 32 31 26
35 31 28 25
35 26 28 25
29 26 23 22
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APPENDIX E

SUMMARY STATISTICS FOR TREATMERT BLOCK CELLS

Tw> Thirds One Third A1l Positive control
Negative Negative
2BOYE X = 42.14 X = 40.1% ¥ = 39.85 X = 38.66
MEDIAR S = 2.19 s = 3,13 S = 4,38 S = 6.06
BELOR X = 36.86 X = 33.00 ¥ = 31.42 X = 29,00
MEDIAN S = 4.26 S = 6.06 S = 5,71 S = 6.32
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APPENDIX F

SUMMARY STATISTIGS' FOR

EACH OF THE FOUR TREATMENTS.

%'Two Thirds 7One Third All Positive Control
g Negative Negativse
T = 39.50 I = 36.57 X = 35.64 ¥ = 31.62
___S5= 4,26 ____ 5= 5.9%__.. 53 6.55____ 8= _6.63
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APPENDIX G

RESULTS OF PAIRWISE TOKEY-TESTS

Contrast Aspin-Welch d.f.(Aspin-Welch} [Aspin-Welch]
K-K* HSD d. £
{obs. g =Y2¥)

- D DD D S D WD R D G D D D - D G 4 WD W WP AR WD WD D W D G D - enan - - -

1-2 2.122571257 23.581122037 23
1-3 2.613714059 22.323245236 22
1-4 5.158384203% 20.218624684 20
2-3 .556172368 25, 750940328 25
2-4 2.8874668333 24.155155617 24
3-4 2.284367773 24.802191764 24

*p < L,0S
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APPENDIX H
ANALYSIS

The consequences of violation of assumptions for the one way
ANOVA are as indicated in Chapter 10 of Scheffé (1959), in the review
article by Glass et al. (1972), research by Toothaker (1972), Toothaker
and Feir (1974), and in an article by Elashoff and Elashoff, in the

International Encyclopedia of Statistics (Kruskal & Tanur, 1978). To

very briefly summarize these results:

When alpha is set equal to .05, then moderate deviations from
normality will not severely distort the true alpha value; i.e., it is
likely that .025 < alpha true < .08. When sample sizes are equal, and
N > 10, then unequal population variances, even including as large as
ten to one ratios; will not seriously distort the true value of alpha
from .05 for the two independent sample case. For K independent sample
case, alpha true > .05 to a slight degree. When sample sizes are un-
equal, then the inequality of population variances can seriously distort
both the true alpha values and power. As dispersion of sample sizes, or
population variances increase, the degree of distortion becomes more

serious.
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In the present study, the sample sizes were 14 for each of the
experimental groups, and 13 for the control group. From inspection of
the sample variances, the assumption of equal population variances does
not seem temable to the author. In fact, it appears that the group having
the smaller sample size would have the largest variance. Based on studies
reported in the above cited references, the author feels that the true P
value for the one way ANOVA on treatments, while likely larger than the
value reported (.0112), would not be much larger than .0S5.

More convincing evidence for mean differences, the author feels,
can be found in the experimentwise Aspin-Welch modification of the Tukey
Test for pairwise mean differences. This Aspin~Welch modification of the
Tukey Test is relatively insensitive to unequal variances in the presence
of unequal sample sizes (Games & Howell, 1976). The test statistic as-
sociated with the Aspin-Welch modification of the Tukey Test, when multi-
plied by the square root of 2, is distributed under the null hypothesis
when assumptions are met, according to the studentized range. Studen-
tized range statistics have been shown to be relatively insensitive to
non-normality when sample sizes are equal (Ramseyer & Tcheng, 1973).

Since the sample sizes were approximately equal, and since the
pairwise mean difference between the control group and the group exposed
to the two thirds negative instances was significant at the .05 experi-
mentwise error rate, using the Aspin-Welch Tukey Test, the case for a

true difference between these two population means seems tenable.
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APPENDIX T
ASPIN-WELCH VERSION OF TUKEY'S WSD TEST

In order to determine whether any of the pairwise mean differences
were significant, a modification of Tukey's Wholly Significant Difference
(WSD) Test was employed in this study. The above modification uses the
Aspin-Welch statistic v with approximate degrees of freedom, as developed
by B. L. Welch (1949). 1In this form of Tukey's WSD, HO: uj = uj, is
rejected iff [v] 2 qla, j, v) / Y2 where o equals family-wise, or experi-
mentwise, probability of Type I error, J equals the number of treatments,
and v equals the approximation of Welch degrees of freedom.

In testing the pair-wise mean difference HO: uj = uj,, we compute

the Aspin—Welch statistic:

where SZJ. equals the unbiased sample variance of treatment j; nj equals
the number of observations for treatment j; and where :f'j' equals the
mean of the sample scores of the treatment j. We reject Ho iff

V2 lvl 2 q{a, J, v), where ¢ equals the probability of Type I error,
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J equals the number of treatments, q(a, J, v) represents the critical
value for the studentized range statistic, and v equals the approximation

of Welch degrees of freedom which is computed in the following manner:

52 s2., \?2
J J
+
n, n..
J J
v =
S 2 S ..\2
J J
n. n..
J J
+
n, -1 n.., -1
J J

In practice, often the greatest integer function is used for the degrees
of freedom, although sometimes interpolation is also used. In the pre--
sent study, thebgreatest integer function is used.

The Aspin-Welch statistic was developed specifically for situa-
tions in which the author had an unequal number of observations per cell
and suspected unequal population variances, and was testing Ho: uj = uj,.
Due to inequality of variances, the author hesitated to use the two
independent sample t. Also, Scheffé (1971) has described the Aspin~Welch
as the best solution to date for testing Ho: ul = u2 in the presence of
unequal variances and unequal sample sizes. Games and Howell (1976)
adapted the Aspin-Welch statistic to Tukey's WSD Test and found that it
gave relatively good protection, with respect to family-wise Type I and
Type II errors in the presence of unequal sample sizes and unequal popu-
lation variances, particularly when the smallest n 2 6.

Ramseyer and Tcheng (1973) found the studentized range should be
relatively insensitive to violations of the normality assumptions when

sample sizes are equal., For the sample sizes used in the present study
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the protection would probably be less secure, but still, in the author's
opinion, reasonably accurate.

Rirk (1969) recommends using the Tukey WSD, but with the harmonic
means of the sample size used in place of the common sample size. 1In
research conducted by Toothaker, et al. (JASA, 1975), this procedure was
found to be non-robust to unequal variances in the presence of unequal
sample sizes. The inequality of the sample sizes in the present study
is so slight, that even where the likely large differences occur in pop-
ulation variances, the liberal bias would probably not be large. By
using Kirk's modification of the Tukey WSD in the present study, the
results obtained were the same as those yielded by the Aspin-Welch

modification.
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APPENDIX J
POWER

In stati§tics, the power of a statistical text can be thought of
intuitively as a measure of the sensitivity of that test to deviations
from the null hypothesis. More formally, for a given hypothesis H, the
power of the test P (H) = the probability that we reject Ho when H is
true. It follows from the previous statement that:

1. When H = Ho , P (Ho) = alpha, the probability of a

Type I error.

2, When H = Ha , @ given alternative hypothesis, the

power of the test P (Ha) =1-8 (Ha), where 8 (Ha) =
the probability of a Type II error when Ha is true.

It is important for researchers to know the power of. a test,
whether or not Ho is rejected. In fact, power should guide the researcher
in the sample size choice. Conversely, a knowledge of the sample size
and sample variance, the value set for alpha, and other factors influ-
encing power can help us interpret more appropriately the meaning of a
rejected, or a non-rejected null hypothesis.

Rejection of Ho in a very high power test could possibly be due
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to a trivial deviation from Ho' If, however, Ho is rejected in a very

low power test, one would feel more confident that the deviation from Ho

was non~trivial.

If Ho is accepted in a very high power test, omne could feel quite
confident that Ho was approximately true. If, however, Ho is accepted
in a very low power test, one could only say that there was insufficient
evidence to reject Ho'

For most statistical tests related to the univariate analysis of
variance (ANOVA), power increases as:

sample size increases,

alpha increases,

reliability of measuring instrument increases,

extraneous variability decreases,

deviations from Ho increase.

When Ho is true and assumptions are met, the sampling distribution
of the F-ratio, in repeated sampling from the same population, is distri-
buted according to the theoretical F-distribution with appropriate degrees
of freedom. However, when Ho is false, in repeated sampling, F-observed
is distributed according to a non~central F-distribution whose form de-
pends, not only on the appropriate degrees of freedom, but alsoc on ¢,

a non-centrality parameter. The following is an example for determining
power from sample size, using the one-way fixed effects ANOVA completely

randomized design, with ¢ = .05. For this design, the non-centrality

parameter ¢ = where:
liTl a2
=1 3

Ja?
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I = the number of subjects per treatment;

aj = the effect due to being in treatment J;

J = the number of treatments;

62 = the common population variance of each treatment.

Suppose we have, as in the present study, a design involving J = 4
treatments (having collapsed over the blocking variable), and 14 subjects
in each group, except the control group which has 13 subjects. A lower
bound for our power would be the minimum power value obtained from the
Pearson-Hartley charts for a one-way fixed effects ANOVA with four levels,
and I = 13 scores per group.

We outline how to determine the power of a design having four

treatments and 13 observations per treatment, against an altermative

maximum difference of bo amcng means. The value of ¢ = /szi L2
=1
I
Jo?
. PR bo
is minimized when a; = —

—bgo
a2"2 » 23 =0

, ay = 0. Since power is an increasing functiom of ¢,
this choice of the aj's yields a minimum value for power.

Should we decide to compute the minimum power for a maximum dif-
ference of two standard deviations between any pair of population means
for this four level design with 13 scores per group, then J = 4, I = 13,
b =2, and %-= 1.

(In the following formula, note the coefficient "I" appears

before the summation, since there are "I" scores in each group.)

Thus, since ¢ = Ié ajz where ] = -0, 02 = g, a3 = 0,
j=1 ay = 0.
Jo?
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Then, 23: 0% = 202, and ¢ = / (13) (202) =v6.5 = 2.55.
= (4) o
Entering the Pearson~Hartley chart with vi =J - 1=3d.f., vp=IJ -J =
48 d.f., we find that the minimum power for a maximum difference of two
standard deviations among population means is at least .988.
Should we wish to compute the minimum power for.a maximum differ-
ence of one standard deviation between any pair of population means for

the same example, then, since now b = 1, all that must be changed is

that:%=%. 'I‘hus,a1=-—21—c,a2=-é-c,a3=0,anda4=0. Then,
J 1 -

> ajz = E’“z , and ¢ = (13) (02) = y1.625 = 1.27.

5=1 ~

(4) o®
The minimum power against a maximum mean difference of one standard

deviation is approximately .4, .
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APPENDIX K
A NON-EXPERIMENTAL CONSIDERATION

An interesting non-experimental aspect associated with the study,
involved interviews with former elementary statistics students from both
the mathematics department's version of the course, and the psychology
department's development of a reasomably similar course. This group of
ten people also comprised a convenience sample, and was delibarately
biased in favor of C-level students.

In each case, the former student participated in one form of the
experimental treatments, took the criterion test, examined the other ex-
perimental treatments in which they had not participated, and then dis-
cussed their feelings about the study with the author.

All of these former students expressed the opinion that partici-
pation in the experiment would be a helpful learning experience for
elementary statistics students. It was also generally agreed that the
treatments involving negative instances would likely be the most helpful.
Some division of opinion arose on the gquestion of whether the two thirds
negative instance treatments or the one third would work best. Of those

who did express a preference, a majority chose the one third negative,

66



two thirds positive treatments as being the most effective. One of those
students said he felt that a priori probability of circling the "A" would
be greater than one half, given that the student was not sure of the cor-
rect response. Thus, he concluded, such a student would obtain positive
reinforcement more frequently on the one third than on the two thirds
negative instance treatments. He was then asked if an extension of the
same reasoning would not suggest that all positive instances would be
optimal. The reply was that too many positive instances wopld bore many
students, and would not sufficiently focus attention on the limits of the
meaning of the concept.

These informal conversations with former students were very help-
ful to the author in many ways, and may also be useful to the reader, in
that the preference for ome third negative instance treatments, as ex-—
pressed by some of these former students, when considered with the above
stated limitations, suggests that the empirical superiority of the two
thirds negative instances, suggested by the results of the experiment,
should be interpreted very tentatively (Aspin-Welch). The difference
between the two thirds negative instances and the one third negative

instances did not approach significance.
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