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ABSTRACT

The effectiveness of simulations for teaching statistical concepts was
compared to the effectiveness of a textbook. The variable Medium (simu-
lation versus textbook) and Question specificity (Specific versus Non-
specific), were manipulated factorially. Question specificity was defined
as follows: Subjects were presented with a scenario in which gumballs
were sampled from an urn. Subjects in the “Specific” condition were given
a specific question about the outcome of the sampling procedure to con-
sider; subjects in the “Non-specific” condition were asked generally to
consider what would happen. A no-treatment control was included. The
subjects consisted of 115 college students. The dependent variable was
performance on problems requiring subjects to apply what they learned to
ill defined everyday problems. Subjects trained by simulation performed
significantly better than those trained with a textbook. Subjects in the
“Specific” condition performed better than those in the “Non-specific”
condition, although the difference did not reach conventional levels of
significance. These results support the increasing use of simulation in educa-
tion and training.

Although simulations have long been known to be effective for training people or
tasks with strong perceptual-motor components such as flying a plane [1, 2], thei:
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effectiveness in science education is less clear cut [3]. For example, McCloskey
and Kohl found that simulations were generally ineffective at improving students’
understanding of the path a ball would follow if the string it was attached
to broke [4]. Reed [5], on the other hand, found that computer simulations
improved students’ estimates of answers to algebra word problems, although the
effectiveness of simulations was found to depend on other variables such as
successive versus simultaneous presentation of examples, active versus passive
viewing, and the similarity between examples and test questions. Carlsen and
Andre found that learning about electric circuits by simulation led to better
conceptual models of the underlying process than learning only by standard
text-based instruction [6]. The groups did not differ, however, on the number of
correct responses made on a posttest. Rieber and his colleagues have demonstrated
the effectiveness of practice on structured simulations in the teaching of physical
science [7, 8]. However, Rieber and Parmley found that the effectiveness of a
structured simulation illustrating the laws of motion was comparable to the
effectiveness of a tutorial but no better [9].

Simulations have played an increasingly important role in statistical education.
Cobb noted that teaching laboratories are increasingly incorporating computer
simulations illustrating important statistical concepts and laboratory materials
that contain statistical simulations are now widely available [10]. For example,
ExplorStat [11], Visual Statistics [12], ActivStats [13], HyperStat [14], and the
Rice Virtual Lab in Statistics [15] all incorporate simulations for illustrating
statistical concepts.

Although there has been little formal evaluation of the effectiveness of simu-
lations for teaching statistics, some positive results have been reported. Wackerly
and Lang found students learned better with simulations than did a control group
using more traditional materials [11]. DelMas, Garfield, and Chance found a
simulation of sampling distributions was an effective teaching tool if used in
conjunction with questions focusing the students’ attention to relevant features of
the simulation [16]. Similarly, de Jong, Hartel, Swaak, and van Joolingen found
that students learned better from simulations when given appropriate questions to
answer with the simulation [17].

The present study sought to evaluate the effectiveness of a sampling distribution
simulation developed by Lane [15]. We were specifically interested in how
well students would be able to transfer what they learned about the effects
of sample size to real-world situations. Although considerable research on transfer
of training has shown that students often fail to apply their knowledge if the
superficial aspects of the situation are different from those present during training
[18], there is evidence that formal instruction in statistics improves statistical
reasoning on everyday statistical problems [19-21]. However, even in these
studies, transfer was far from complete, with the mean level of performance on
the transfer tasks being far from perfect. We sought to determine whether transfer
would be greater for students taught by simulation than by a traditional texthook
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approach. Following delMas, Garfield, and Chance [i6], we included “questior
asking” as a variable to see if similar results would occur with our simulation.

Any comparison of the effectiveness of simulation and textbook-basec
approaches is naturally going to depend, in part, on the quality of the simulation
and the quality of the textbook. Therefore, we sought to ensure that the materials
used for the textbook-based approach were of very high quality. First, we based
the written materials on textbooks that are well regarded and that we judged to
be excellent [22-24]. Second, the textbook presentation included examples and
graphics appropriate to the concepts being presented. Finally, an audio tape of the
material was played as the students followed along in the text so that important
statistical concepts and principles could be emphasized vocally as they would be in
a live lecture.

METHOD

Subjects

One hundred and fifteen Rice University undergraduate students participated in
this experiment in exchange for extra credit in a psychology course. Their ages
ranged from seventeen to twenty-two. None of these subjects had ever taken a
statistics class.

Subjects were trained and tested in small groups. The assignment of subjects to
conditions was determined randomly. This resulted in unequal subject number in
each condition but the difference was slight (the maximum difference was 3).

Design

The design consisted of the factorial combination of Medium (computer simula-
tion versus textbook) and Question (Specific versus Non-specific). A no-treatment
control was also employed.

Procedures

Upon arrival, the subjects were informed of the general nature of the experi-
ment. The experimenter then administered the 12-minute Wonderlic Personnel
Test as a general measure of cognitive ability.

Subjects in the four treatment groups first read two examples and three ques-
tions involving each example. All questions were about the relationship between
sample size and the resulting sample mean.

One example involved sampling from an urn of thirty-three gumballs, each
gumball containing a number from 0 to 32. The second example involved
sampling student scores on an achievement test. One of the specific questions for
the gumball example was:






