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ABSTRACT

The purpose of this study was to investigate the effects of verbal
interaction cues and ability grouping within a cooperative learning computer-
based instructional science program. Two-hundred and thirty-one junior high
school students enrolled in a required eighth-grade science class were blocked by
ability and randomly assigned to one of three different types of dyads. These
dyads consisted of homogeneous lower-ability, homogeneous higher-ability, or
heterogeneous mixed-ability student pairs. Each dyad was then randomly
assigned to a computer program that either did or did not contain verbal
interaction cues designed to facilitate summarizing and explaining between
parfners at various points throughout the program. The study examined the
effects of interaction cues and ability grouping on performance, time, en route
behavior, and attitudes toward the instruction.

Results indicated that students who used the cued version of the program

- performed significantly better on the posttest than students who used the

noncued‘.version. These results were consistent for both higher and lower-ability
students. Dyads assigned to the cued version also performed significantly better
on the practice items than dyads assigned to the noncued version.

Results for time revealed that subjects who used the cued version spent
significantly more time on interaction screens than those who used the noncued
version. Direct observation of student interaction indicated that students in cued

dyads exhibited significantly more summarizing behaviors and helping
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behaviors than students in the noncued dyads. Ability grouping did not
significantly influence summarizing or helping behaviors. However, students in
higher-ability dyads exhibited significantly less off-task behavior than students in
mixed-ability and lower-ability dyads.

The results from this study help support previous research on the effects
of providing cued in cooperative learning settings. Implications for designing

computer-based instruction are provided.

iv
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CHAPTERI
INTRODUCTION

Teachers who integrate computers into their instruction usually have
fewer machines than students. In fact, most computer labs contain fewer than 15
computers, and teachers who use computers in their own classroom ordinarily
have only one or two computers at their disposal (Becker, 1991). Since the
number of students usually exceeds the number of computers that can be used at
one time, teachers must decide the best way to employ these limited resources.
Many teachers solve hardware shortage problems by allowing more than one
-~ student to use a computer at a time, thus permitting more students to
simultaneously use computers.
Although grouping students around computers may help ease computer-
-.shortage problems, assigning more than one student to a computer can lead to
other pféblems. For example, if more than one student share-a computer, how
will all students be equally involved in the instruction? How will all students
remain on task? How will the slower students keep up with the faster students?
How will all students receive adequate practice and feedback?
Unfortunately, very few computer programs exist that incorporate
instructional strategies specific for learning groups. Software developers have
generally assumed that computer-based instruction (CBI) programs should and

would be utilized by individual users (Cosden, 1989). The individualistic nature
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of CBI programs may impact the interaction between group members and the
computer program. This, in turn, may diminish the effectiveness of the
program.

Since most CBI programs are not designed for group use, teachers must
apply some type of small group learning strategy to the lesson in order to
maximize the program's effectiveness for all group members. Today, the most
common and widely researched small group learning strategies fall into a
category called "cooperative learning." The following paragraphs describe the
basic components of cooperative learning and examine what the research
literature reveals about the effectiveness of cooperative learning strategies when
they are applied to CBI lessons.

Cooperative Learning

Generally, instructional programs considered "cooperative learning"
incorporate four distinct strategies for structuring, directing, and managing
group work. These strategies include individual accountability, positive
interdependence, face-to-face interaction, and the facilitation and evaluation of
interpersonal social skills (Johnson, Johnson, & Holubec, 1990; Slavin, 1980).

Ind1v1dual accountability refers to the condition that students are
ulnmately responsible for individually learning all the material-even though they
will be working in groups. Strategies such as individual testing must be included
in the lesson design to hold students individually accountable for learning all the
material. Other common examples of individual accountability include individual
homework assignments and the random selection of one group member's work
to be graded on behalf of the entire group.

Positive interdependence refers to strategies designed to make students

within groups feel that they can succeed only if all group members, including
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3
themselves, succeed (Deutsch, 1949; Johnson, et al., 1990). Two distinct types of
positive interdependence have been identified and researched. These include
reward interdependence and task interdependence (Slavin, 1983). Reward
interdependence exists within a lesson when the points, grade, and/or
recognition earned by a team depend on the overall performance of all team
members. Task interdependence refers to conditions in which the task or role a
group member assumes is dependent on the tasks or roles of other students in
the group. An example would be a group project in which the successful
completion of a presentation poster was the group goal. One student might be
responsible for locating and recording information to be included on the poster,
and another might be responsible for drawing and writing on the poster itself.
The students performing the two tasks, locating and presenting information,
would depend on each other for successfully accomplishing the goal.

In addition to individual accountability and positive interdependence, a
third component designed to maximize the effectiveness of a cooperative
learning lesson includes providing the opportunity for face-to-face interaction.
Face-to-face interaction is established when all group members can verbally and

"-physically interact with each other throughout the lesson. This can be
accompiighed by maintaining group sizes between two a.nd six:-members, and by
physically seating group members in ways that allow them to look at each other,
talk with each other, and share all materials (Johnson et al., 1990).

Another necessary component of cooperative learning includes strategies
to facilitate appropriate interpersonal and small group social skills (Johnson et al.,
1990). Because personal interactions are encouraged in cooperative learning,
students must be taught the social or collaborative skills necessary to function

constructively as a team. The facilitation and evaluation of these skills are an
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important element within the structure of a cooperative learning lesson. Some
of these collaborative skills include carrying out assigned tasks and roles,
encouraging participation, giving direction to the group's work, offering to
explain or clarify, and verbally accepting and supporting each other (Johnson et
al., 1990). Since these skills must be taught to students, cooperative lessons
should provide examples of appropriate collaborative behavior and feedback on
the use of these skills.

A large number of research studies support the use of the four
components of cooperative learning. Studies comparing cooperative learning
with individual and competitively structured lessons indicate improved
performance and attitudes when the four essential components have been
applied. Four different meta-analyses performed on the results from over 400
experiments comparing cooperative, competitive, and individualistic goal
structures show overall significant gains in achievement for students in
cooperative groups (Johnson & Johnson, 1989; Johnson, Maruyama, Johnson,
Nelson, & Skon, 1981; Slavin, 1980, 1983). Although some of the studies included
in these meta-analyses indicated no significant differences in achievement,

--cooperative learning was, in general, no worse than any other method. Itis
importaﬁf to note, however, that virtually none of the studies included in the
analyses utilized computers as tools or resources as part of the lesson.
Cooperative Learning with Computers

Research studies dealing with the application of cooperative learning in
CBI lessons have been published only in the last 10 years. An ERIC-CD ROM
search of experiments comparing cooperative and individual CBI revealed ten
studies published from 1984-1994. The procedures carried out within most of the

studies were similar. Student groups consisting of two individuals were given
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instruction on the social skills necessary for constructive group performance.
Various forms of individual accountability and positive interdependence were
structured into the lesson design. Performance and attitudes for these
cooperative dyads were compared to individuals utilizing the same computer
program.

In general, achievement results for cooperative learning-CBI studies were
mixed, with more consistent results present for various non-achievement
measures. Six studies indicated significantly higher achievement scores for the
cooperative groups (Dalton, Hannafin, & Hooper, 1989; Hooper, Temiyakarn, &
Williams, 1993; Johnson, Johnson, & Stanne, 1985, 1986; Mevarech, Silber, &
Fine, 1991; Mevarech, Stern, & Levita, 1987). Four studies showed no
achievement main effects for cooperative dyads versus individuals (Carrier &
Sales, 1987; Makuch, Robillard, & Yoder, 1992; Trowbridge & Durnin, 1984;
Whyte, Knirk, Casey, & Willard, 1991).

Although some of the studies did not indicate significant gains in
achievement for the cooperative dyads, all of the studies reported some type of
nonachievement results favoring the groups. These included cooperative groups

--choosing more elaborative feedback (Carrier & Sales, 1987), spending most of
the interr«:llction-time exhibiting task-oriented behavior (Johnson et al., 1985, 1986;
Trowbridge & Durnin, 1984), and expressing more positive attitudes about
working in groups at the computer (Hooper et al., 1993; Mevarech et al., 1987).

Inconsistent achievement results from cooperative learning-CBI studies
may be due in part to other variables that have been shown to affect learning
outcomes within cooperative learning environments. These variables include the
type and amount of verbal interaction as well as the grouping of students

according to academic ability.
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Verbal Interaction

Cooperative learning studies in which group member interactions have
been recorded and analyzed indicate that achievement and attitude differences
are related to the type and amount of verbal interaction between students within
cooperative groups. In examining the results of numerous studies, Webb (1989)
has determined that three distinct forms of verbal interactions correlate to
improved cognitive abilities after a cooperative learning lesson. Students who
give explanations to other group members, or who receive explanations from
group members during a cooperative lesson tend to learn more from the lesson.
Also, students who do not receive explanations in response to questions or
errors tend to learn less from a cooperative lesson. Similarly, King (1989)
examined why some cooperative groups were more successful than others at
learning and applying problem-solving strategies and determined that successful
groups asked more task-related questions, spent more time discussing strategy,
and reached higher levels of strategy elaboration than unsuccessful groups.
Fletcher (1985) determined that individuals from groups instructed to verbalize
the decision-making process or reach consensus on a group answer

" demonstrated greater problem-solving ability than group members not
instructéd to verbalize throughout the lesson.

Recognizing the importance of verbal interaction between individuals
within cooperative groups, a number of studies have been conducted in the past
10 years which have included variables designed to facilitate constructive verbal
interaction. Dansereau (1985) developed a systematic interaction and processing
strategy that has provided a structured method for cooperative dyads learning
text-based material. This strategy consisted of assigning two different roles to

cooperative dyad members. Both students were instructed to read a passage of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



material. One student was assigned the role of summarizer, and was then
instructed to verbally summarize the passage to the other group member. The
other group member was assigned the role of listener, and was instructed to
listen carefully and detect any errors or omissions. A number of studies testing
the effects of this procedure have shown increased achievement for the pairs
utilizing this structured interaction method (Lambiotte et al., 1987; McDonald,
Larson, Dansereau, & Spurlin, 1985; O'Donnell, Dansereau, Hall, & Rocklin, 1987;
O'Donnell, Rocklin, Dansereau, Hythecker, Young, & Lambiotte, 1987). Using a
similar technique, Yager, Johnson, and Johnson (1985) determined that groups
given structured oral discussions through role assignments achieved higher
posttest scores than groups participating in unstructured oral discussions.
Ability Grouping

In addition to verbal interactions, another variable that may influence
outcomes in a cooperative learning setting is ability grouping. Ability grouping
refers to the assignment of students into cooperative groups based on general
academic ability. Individual students are classified as low, medium, or high
achievers and placed into cooperative groups. These groups may consist of

-.students homogeneous in ability, or they may consist of representatives from
two or three ability groups. .

Heterogeneous groups are recommended in most cooperative learning
models because they present opportunities for higher-ability learners to
encourage and tutor lower-ability learners (Johnson et al., 1990; Slavin, 1980).
Creating heterogeneous ability groups within cooperative learning lessons has
recently been supported by Slavin (1993), who reviewed 27 studies dealing with
ability grouping and found little or no achievement differences between students

grouped heterogeneously versus homogeneously by ability. The lower-ability
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8
students, however, did indicate more favorable attitudes toward learning when
grouped with students of higher ability.

However, there are studies that indicate heterogeneous grouping may
benefit one learner at the expense of the other learner. Webb (1982) reported
that average-ability students performed worse when they were grouped with
students of higher or lower ability than when they were grouped with other
average-ability students. In addition, recent studies conducted with cooperative
dyads using computers indicated that low-ability students benefited from
heterogeneous grouping but high-ability students did worse compared to
students grouped homogeneously by ability (Hooper, 1992; Hooper & Hannafin
1991).

Examining the research on ability grouping with cooperative groups
participating in CBI programs, it appears that the amount of interaction between
group members had an effect on the results. Hooper and Hannafin (1991) found
low-ability students grouped homogeneously interacted significantly less than
students in the other groups. Hooper (1992) found that homogeneous grouping
stimulated discussion between the high-ability students, but restricted discussion

“among lqw-ability groups.

Aﬁhough tile results on ability grouping are mixed, it séems reasonable to
assume that students paired with other students of similar ability will interact
differently than students paired with other students of significantly greater or
lesser ability. Since the amount and type of interaction has been shown to affect
learning, the type of groups established may also affect learning within

cooperative groups.
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Purpose of Current Study

The present study was designed to investigate the effects of verbal
interaction cues and ability grouping within a cooperative learning-CBI science
program. The major independent variable in this study was the presence of cues
embedded throughout a CBI program designed to facilitate verbal interaction
between two learners sharing one computer. Each cooperative dyad was
assigned to a computer program that either did or did not contain these verbal
interaction cues.

The cues used in this study were similar to those demonstrating positive
results in non-CBI studies (Dansereau, 1985; Yager et al., 1985). As each
cooperative dyad assigned to the cued version progressed through the science
CBI program, the computer prompted individuals within each dyad to verbally
interact by directing them to summarize, explain, or listen to the other member
of their dyad.

Ability grouping was another variable in the current study. All students
participating in the study were assigned to one of three different types of dyads
based on general academic ability. These dyads consisted of either

- homogeneous lower-ability, homogeneous higher-ability, or heterogeneous
(mixed-aiﬁlity) student pairs. -

The dependent measures in this study included practice item performance,
posttest performance, and attitudes toward the program and working with a
partner. Measurements were also taken regarding the amount of time each
dyad spent on different parts of the program. Time spent on instruction, practice
problems, and interaction screens were measured separately. A sample of dyads
were also videotaped, and the nature of interactions within each dyad was

observed. These observations included the specific behaviors cued by the
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10
program (summarizing, explaining, identifying errors, and asking for help) as
well as behaviors not addressed by the cues (receiving solicited and unsolicited
help, verbal encouragement, and off-task behavior).

The major research questions addressed in this study were:

1. What is the effect of verbal interaction cues on the performance,
attitudes, group member interaction, and en-route behaviors of students
participating in a cooperative learning-CBI program?

2. What is the effect of ability grouping on the performance, attitudes,
group member interaction, and en-route behaviors of students participating in a
cooperative learning-CBI program?

3. How will verbal interaction cues interact with ability grouping to affect
the performance, attitudes, group member interaction, and en-route behaviors

of students participating in a cooperative learning-CBI program?
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CHAPTERII
METHOD

Subjects
Two-hundred and thirty-one students from a junior high school in a

middle-class socioeconomic, metropolitan area were the subjects for this study.
The school was one of 11 junior high schools in a large school district serving
approximately 67,000 students. The subjects were enrolled in a required one-
semester, eighth-grade general science class. This science course followed a
curriculum that incorporated the use of cooperative learning strategies into most
laboratory investigations and activities. All students from the eighth-grade
science classes participated in the study; however, data obtained from the special
education students with severe learning disabilities and from the students who
" did not speak or read English were excluded from the study.

M@J.e_rl;al.é

A computer-based instruction (CBI) science program entitled Designing
Controlled Experiments was the source of instruction for this study. This
Hypercard-based program consisted of four distinct parts: (a) the program
introduction, (b) Lesson One: The Steps in the Scientific Method, (¢) Lesson Two:
The Parts of a Controlled Experiment, and (d) Lesson Three: Designing
Controlled Experiments. Appendix A includes a complete list of objectives for

each of the three lessons presented in the program.
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The program introduction consisted of eight information screens which
provided an orientation for the students regarding the successful use of the
program itself. This introduction began by prompting the students to enter their
assigned group number as well as their first names, thus enabling the computer
to direct each student by name to perform specific tasks throughout the
instruction. The introduction then presented a brief description of the three
lessons covered in the program, followed by a description of the function and
use of the navigation buttons. Practice was provided on the use of these buttons.

Specific information about the cooperative nature of the program was
presented next. Because the program was specifically designed for two users
sharing one computer, the grading of both individual and group performance
was described in detail. The program informed the students that the score
earned for this CBI activity was to be counted toward their semester grade. The
program then stated that two methods of grading were to be used to determine
the total number of points both students earn. One grade came from the points
both students earn together on the practice problems presented throughout the
program. The other grade came from each student's individual performance on

-.a written posttest administered on the day following the completion of the
prograr'n:.. ‘

The introduction then encouraged both students to help each other learn
the information presented in the three lessons. This encouragement consisted of
reminding the students to share various responsibilities throughout each lesson.
The program called on both learners by name to use the mouse at different
times within the introduction, and the students were informed that they were
not always going to be prompted to share the mouse and keyboarding

responsibilities. The program also stated that the students should remind each
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13
other to share throughout the three lessons. Next, the program reviewed some
helpful cooperative learning roles that the students should share at times
throughout the program. These role descriptions included the "summarizer"
who was instructed to verbally summarize a unit of information, the "explainer"
who was instructed to explain examples presented in the program, and the
“listener" who was instructed to listen carefully to the summarizer or explainer
and ask questions about things that were unclear, left out, or in error. Because
the students had experience with formal cooperative learning techniques, these
roles were already familiar to them.

The three lessons that follow the introduction were similar to each other
in structure. These lessons are described below.

Lesson One: The Steps in the Scientific Method. The first lesson in the
program taught the steps in the scientific method and were broken up into two
parts. The first part covered making observations, identifying problems, and
choosing hypotheses. Twenty information, example, and review screens were
presented in this first part. Six multiple-choice practice problems were then
presented, and a group score was displayed. Feedback for all practice items

..throughout the program included knowledge of correct result. The second part
of Lesson One included 24 information, example, and review screens covering
making predictions, designing experiments, and analyzing data/conclusions.
Three multiple-choice practice problems were then presented followed by the
total number of practice problems answered correctly.

Lesson Two: The Parts of a Controlled Experiment. The second lesson
covered the parts of a controlled experiment. This lesson was also divided into
two parts, with practice problems and group scores presented after the

instruction. The first part of the second lesson consisted of 23 information,
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example, and review screens covering independent and dependent variables.
Three multiple-choice practice items were presented foliowing the first part of
Lesson Two. The second part of Lesson Two presented 26 information, example,
and review screens covering extraneous variables, variable groups, and control
groups. Five multiple-choice practice items were presented after the instruction,
followed by the total number of practice problem items answered correctly for
the first two lessons.

Lesson Three: Designing Controlled Experiments. The third lesson was
comprised of only one part. This lesson consisted of 33 information, example,
and review screens presenting the four steps to be followed when designing a
controlled experiment: (a) identify the independent and dependent variables,
(b) determine the type of test to be performed, (c) determine at least three
extraneous variables to be controlled between experimental groups, and
(d) describe the control and variable groups by listing and labeling all variable
types within each group. Two constructed-response practice problems were
then presented after the instruction. These constructed-response items were
evaluated by the students based on a set of criteria they used to judge various

-. aspects of their answers. For example, after a group had listed and labeled the
variables for an experiment designed to test a given hypothesis, the computer |
asked: "Does your variable group contain [appropriate variable name], and is it
labeled as the independent variable?" The computer asked similar questions
about the dependent and extraneous variables. The students were directed to
click on "Yes" or "No" buttons as each statement applied to their constructed
response. Although the previous 17 multiple-choice practice items were worth
one point each, these final two constructed-response practice items were worth

five poihts each. The constructed-response items were worth more points than
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the multiple-choice items because they required the learners to apply at least five
different skills taught throughout the program. Lesson three concluded by
displaying the total number of practice problems answered correctly by the
group for the entire program.

The computer program included the primary elements necessary for
cooperative learning as prescribed by Johnson and Johnson (1989). Individual
accountability was fostered by requiring each student to individually také the
posttest. Positive interdependence was established by having the students share
the practice problem score. Providing an opportunity for group members to
interact was addressed in a number of ways throughout the program. The
computer program provided the students with many opportunities to verbally
interact by sharing answers, ideas, explanations, and summaries. Students were
also prompted to share the mouse and keyboarding responsibilities. These
strategies promoted interaction as well as contributed to the overall level of
interdependence.

Two versions of Designing Controlled Experiments were developed for this
study. The introductory material, instructional content, and practice problems

--were exactly the same in the two versions. However, one version (cued)
includedﬁ éxplicit group member interaction cues embedded tﬁroughout the
program while the other (noncued) did not include these cues. The cued
interaction version included two types of group member interaction cues. One
type of cue was presented immediately preceding the practice problems for each
lesson. These were content summary cues. The other type of interaction cues
were presented along with certain examples throughout the program. These

were explaining cues.
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The content summary cues were similar to the cues or scripts found in the
systematic interaction and processing strategy developed by Dansereau (1985).
These cues assigned the summarizer or explainer role to one group member and
the listener role to the other group member. The summarizer was directed by
name to recall the objectives and summarize the information presented in the
lesson. The listener was directed by name to listen carefully and ask questions
about things that were unclear, omitted, or in error. The summarizer and
listener roles alternated between dyad members two or three times before each
set of practice problems. The program assigned each student participating in the
cued version of the program the role of summarizer six times, the role of
explainer two times, and the role of listener eight times throughout the entire
three-lesson program.

The noncued version of the program prompted group members to
review the information with each other before proceeding to the practice
problems. The program also reminded the students that "Reviewing includes
recalling the objectives and summarizing the information presented.” The only
differences between the cued version and the noncued version was the cueing of

-roles and the specific directions for carrying out these roles. Figure 1 illustrates
the difféf.e.nces between the cued and noncued versions for a typical summary
screen.

The second type of cues used in the cued version were explaining cues.
These cues directed one student to verbally explain an example, while the other
student listened. As with the content summary cues, the listener was told to
"Listen carefully and ask questions about things you don't agree with, including
errors or missing pieces of information." In the noncued version, the program

simply prompted students to explain an example. No roles were either assigned
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Piliii Mid-Lesson ¥ 1 Review

Now s a good tima for both of you to review the Information presented
up to naw before you answar the first sat of practice problems.

Student® 1, you will be the summarizer. it {s your job Lo verbelly
review the information presented ovar the scisntific method step:
“Making Obgervationg™ for Student®2. Try to racell the objective for
this step and brisfiy summarize the {nformation presented.

Studant®2, you will ba the Yistener. Listen carstully while Studente 1
summarizes the information presented aver the scientific method step
“Making Observation™. As Student®! summarizes, esk questions ebout
things you don’t understend or things you don't agres with...Ancluding
orrors or missing places of information.

&

Summary screen: Cued Version

it Mid-Lesson #1 Review

Now 1s o good time for both of you 1o review the Informetion presented
up to now before you answer tha first set of practice problems.

Review the informetion presentad over the sclentific method step:

*Remember, “review” means trying to recall the ocbjective for this step
ond briefly summarizing the information presented.

=

Summary screen: Noncued Version

Figure 1. Sample summary screens in the cued and noncued versions.
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or explained. Figure 2 illustrates the differences between the cued and noncued
versions in a typical explanation screen.

Both the content summary and explaining cues prompted the students to
verbally interact with their partner. The noncued version of the program
provided the same opportunities for students to interact, but the program did
not explicitly prompt the students to do so. All instances of interaction cues are
displayed in Appendix B. The corresponding screens for the noncued version of
the program are printed beneath each cued screen as well. Each screen of the
entire cued version of the program is presented in Appendix C.

Procedure

This study included six different treatment groups. Subjects were blocked
by ability and randomly assigned to lower-ability, higher-ability, or mixed-ability
dyads. Ability blocking was based on each student's Iowa Test of Basic Skills
(ITBS) composite score for seventh grade. ITBS scores for each subject were
ranked and a median split was used to determine the lower and higher-ability
subject pools. The median composite score for subjects in this study was 24 and
the national percentile rank was 58%. Data for subjects across the United States

~indicated that the mean composite score for the ITBS was 22 and the percentile
rank 50%... Seventeen subjects did not have ITBS scores available, and each of
their placement into the lower or higher-ability subject pool was based on grade-
point average and teacher confirmation of general classroom ability. The lower-
ability dyads were comprised of two students randomly selected from the lower-
ability subject pool. The higher-ability dyads were comprised of two students
randomly selected from the higher-ability subject pool. The mixed-ability dyads
were comprised of one student randomly selected from the lower-ability subject

pool and one student randomly selected from the higher-ability subject pool.
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it  Lesson #1: Observations

[Student®2], explain to [Student® 1] why stetement <1 below 1s en
sxample of an observation, but statement 2 is not.

[Student® 1], Histen carefully to IStudent®2] and ask questions ebout
things you don’t understend or things you don't agree with (including
errors or missing pisces of information).

Statement *i: “Tha adges of the leaf fog] smooth.”

Statement #2: 1 {90l sorvy for freshmen, they're ell so ugly."

Explanation screen: Cued Version

Mt  Lesson #1: Observations

Why 1s statement © 1 below an axeampls of en cbservation, but
stetement #2 {s not?

Statement ®1: “The edges of the leaf fasl smoolh.”

Statament #2: “| feg] sarry for freshmen, they're all so ugly.”

Explanation screen: Noncued Version

Figure 2. Sample explanation screens in the cued and noncued versions.
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All dyads were then randomly assigned to either the cued or noncued versions
of the program. There were a total of 256 students (128 dyads) at the beginning
of the study. Data from 25 students were unusable due to absences or severe
behavior problems during the study.

All the students participating in this study had experienced at least 2
months of working in formal and informal cooperative learning groups. The
general science program at the junior high school emphasized cooperative group
work using the Circles of Learning model of cooperative learning (Johnson et al.,
1990). Students had been taught and evaluated on such essential collaborative
skills as using each other's first names, staying with assigned groups, remaining
on task, and carrying out assigned roles during laboratory activities. Students
also had some experience participating in roles such as summarizer, listener, and
explainer. The students had experience with various reward interdependence
structures, including group grades for laboratory reports, projects, and
homework assignments. Making individuals within cooperative groups
responsible for specific materials and resources was also a strategy emphasized
in the eighth-grade science program.

All dyads were given three 55-minute class periods on 3 consecutive days
to compiéte the program. Each dyad was éiven the first class period to complete
the introduction and Lesson One, another class period on the second day to
complete Lesson Two, and one final class period on the third day to complete
Lesson Three. An attitude survey followed by a posttest was administered on
the fourth day of the study.

Eight to twelve dyads moved from their regular science classroom to a
large computer room to work on the CBI program at one time. The students

were informed that the program presented important information necessary for
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succeeding in the science class, and that the points earned would have an impact
on their individual grades for the course. The students were also informed that
all the directions for successfully completing the program were presented at the
beginning of the program, and they had to read all the information very
carefully. The computer was the only source of continual monitoring for most
groups. However, two dyads in every class were also videotaped. The subjects'
science teacher was in the computer room at all times to help get the program
started and to answer any procedural questions.

Before sitting down at the computer on the first day of the program, each
member of the dyads was randomly assigned "Student #1" or "Student #2."
When the dyads began either version of the program, each member individually
typed their name into the "Student #1" or "Student #2" fields. Each dyad worked
at its own pace throughout a 55-minute class period. Students in dyads finishing
early on any of the 3 days were sent back to their regular science class without
proceeding to the next lesson. Each member of every dyad individually
completed the attitude survey and a written posttest on the fourth day.

Students comprising six dyads from each of the six different treatment

- groups were randomly selected to be monitored by a video camera and tape
recordei'." These videot;alped dyads were informed .that their science teacher was
interested in studying how students work together at the computer, but their
individual behavior during the program was not going to affect the grade they
earn. The data from this sample of 72 students were used to determine any

differences in the type of interactions occurring throughout the program.
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Dependent Measures

There were three dependent measures in this study. These measures
included embedded practice item performance, posttest performance, and
student attitudes.

Seventeen multiple-choice and two constructed-response practice items
were administered by the computer throughout the program. All answers to
the practice items were recorded by the computer. Although the students
evaluated their own answers for the two constructed-response items, their actual
answers were evaluated by the researcher and graded according to a set of
criteria worth five points per question. These practice problems represented a
group-based measure.

A written posttest was administered on the day following the completion
of the computer program. This 28-item test included labeling, multiple-choice,
and constructed-response questions similar to the practice problems presented in
the CBI program. Fifteen posttest items measured student knowledge of the
content covered in the program. The knowledge items represented
performances requiring the learner to state or identify concrete or defined

- concepts. Thirteen posttest items measured students’ ability to apply what they
leérned fr.om the program. Th;: application items represented performances
requiring the learner to apply rules to identify instances of concepts or to solve
problems (see Gagné, 1985). The KR-21 reliability test of this posttest was .87.

A copy of the posttest is found in Appendix D. Each item was worth one
point, with the exception of two of the application items which were worth two
points each. There were a total of 15 knowledge-item points, and 15 application-
item points. All posttests were scored by the researcher using the key displayed

in Appendix D. Posttest performance represented an individual measure.
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A ten item Likert-scale attitude survey was administered prior to the
posttest. The items measured student interest, motivation, confidence,
enjoyment, and attitudes toward working with a partner. The Cronbach Alpha
reliability of this aititude survey was .78. The complete attitude survey can be
found in Appendix E. Student attitude represented an individual measure.
Other Measures

Other measures in this study included time data recorded by the
computer, and interaction behavior as recorded by a video camera and tape
recorder.

The amount of time spent viewing the information screens was captured
by the computer for each dyad. The computer also recorded the elapsed time on
the interaction screens as well as the amount of time spent answering the
practice items. The total time spent going through the complete three-lesson
program was also calculated.

Interaction behavior was evaluated by the researcher while examining
videotapes of a sample of students participating in the program. Students from
six dyads in each of the six treatment groups were randomly selected to be

- videotaped. Nine different types of interaction behaviors were recorded and
tabulaté& from the videotaped observations. These observatitns were made
only when students were viewing the interaction screens during one lesson.
Equal numbers of dyads from all six treatment groups were observed. Separate
observations were recorded for each individual within every sample dyad.

Appendix F includes the observation sheet used to record the different
types of student behavior during the interaction screens. Nine different
categories of behavior were used. Some of these categories represented those

behaviors addressed in the cues, including summarizing, explaining, asking for
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help, and identifying errors. Other categories represented behaviors that were
not specifically addressed in the cues, but they contributed to one partner
helping the other understand the material. These helping behaviors included
giving solicited and unsolicited help, checking for understanding, and offering
verbal encouragement. In addition, any incidents of students being off-task
during the interaction screens were recorded. Off-task behavior included talking
to members of other dyads, talking to partners about things unrelated to the
program, leaving the computer, looking at students from other dyads for
sustained periods of time while the other partner read the screens and moved
on, and reading or writing material unrelated to the program.

Design and Data Analysis

This study was a posttest-only control group design. It was a 2 (cued
interactions versus noncued interactions) by 3 (lower-ability dyads, higher-ability
dyads, and mixed-ability dyads) factorial design. Both the cueing and grouping
variables were between-subjects variables.

Analysis of variance (ANOVA) was conducted on practice item
performance for the dyads. Time data were analyzed using multivariate analysis

- of variance (MANOV A) for time spent on the information screens, time spent on

the interaction screens, and time spent on the practice screens;-and separate
follow-up univariate analyses were conducted on each of these time categories as
well as total program time. The practice item and time analyses represented the
only group-based measures analyzed. The individual measures analyzed
included posttest performance, attitude survey responses, and individual
behaviors observed in the videotapes sample. ANOVA was used to analyze
posttest performance. The attitude survey results were analyzed using

MANOVA, with each survey item constituting a separate dependent measure.
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The observation data on group member interaction were analyzed using chi-
square tests of significance for total cued behaviors, total helping behaviors, and

total off-task behaviors.
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CHAPTER III
RESULTS

The results are reported below within five main categories. These
categories include posttest performance, attitudes, practice problem
performance, time, and interaction behavior recorded on videotape from a
sample of 72 students within 36 dyads.

Posttest Performance

Means and standard deviations for individual posttest performance are
reported in Table 1. These data reveal that the mean posttest score was 20.63
(SD = 6.56) for students who used the cued version of the CBI program and 18.03
(SD = 6.33) for those who used the noncued version. Table 1 also shows that the
mean posttest score was 15.45 (SD = 4.26) for students in the homogeneous

- lower-ability dyads, 18.65 (SD = 6.39) for those in the heterogeneous (mixed-
ability) ld&ads} and 23.90 (SD = 5.63) for those in the homogeneous higher-ability
dyads. The posttest mean for all subjects was 19.30 (SD = 6.56).

Table 2 provides an analysis of variance (ANOVA) summary table for
performance scores. ANOVA indicated that subjects who used the cued version
of the program performed significantly better on the posttest than those who
used the noncued version, F(1, 225) = 12.97, p <.001. ANOVA also indicated a
significant performance difference between subjects in the three ability

groupings, F(2, 225) = 45.92, p <.001. Post hoc analyses using Tukey HSD
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Table 1
Means and Standard Deviations for Posttest Performance by Version and Ability
Grouping
Ability Grouping
Version LL ILH HH Totala
Cued 16.83 19.79 25.29 20.63
(4.92) (6.24) (5.54) (6.56)
n=40 n =238 n=238 n=116
Noncued 14.08 17.51 22.51 18.03
(3.84) (6.40) (5.44) (6.33)
n=237 n=41 n=237 n=115
Total 15.45 18.65 23.90 19.30
(4.26) (6.39) (5.63) (6.56)
n=77 n=79 n=75 N =231

""Note. LL = Homogeneous lower-ability dyads, LH = heterogeneous (mixed-
ability) dyads, HH = homogeneous higher-ability dyads.

a30 possible posttest points, minimum score = 5, maximum score = 30.
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Table 2
ANOVA Summary Table for Individual Posttest Performance Scores

Source sS DF MS F-Ratio P
Version 389.53 1 389.53 12.97 .000
Ability

Grouping 2758.78 2 1379.39 45.92 .000
Version by

Ability

Grouping 3.03 2 1.52 0.05 950
Error 6758.15 225 30.04
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pairwise comparisons revealed that the mean performance scores between each
of the three ability groupings were significantly different (p < .001). Subjects
assigned to higher-ability dyads performed significantly better than those in the
mixed dyads and those in the lower-ability dyads. In addition, subjects in the
mixed dyads performed significantly better than those in the lower-ability dyads.
ANOVA did not indicate a significant interaction between version and ability
grouping when individual performance scores were analyzed.

The posttest scores of lower and higher-ability students were analyzed
separately to determine the effect of homogeneous versus heterogeneous
grouping on performance. Table 3 reveals that the mean posttest score was
15.51 (SD = 4.62) for lower-ability students in homogeneous dyads and 14.85
(SD = 4.33) for lower-ability students in heterogeneous dyads. The mean
posttest score was 23.92 (SD = 5.63) for higher-ability students in homogeneous
dyads and 22.46 (SD = 5.87) for higher-ability students in heterogeneous dyads.

Separate 2 (version) by 2 (grouping) ANOVAs were conducted on the
posttest scores of lower and higher-ability students. Table 4 provides an
ANOVA summary table for the lower-ability students' posttest scores. ANOVA

- indicated that lower-ability students who used the cued version performed
significél;tly better oﬁ the posttest (M = 16.49, SD = 4.83) than tower-ab.ility
students who used the noncued version (M = 14.05, SD = 3.84), F(1,113) = 7.01,

p <.01. However, ANOVA did not reveal a significant difference between
students in the homogeneous and heterogeneous dyads for lower-ability
students or significant interaction effects between version and grouping. Table 5
provides an ANOVA summary table for the higher-ability students' posttest
scores. This ANOVA indicated that higher-ability students who used the cued

version performed significantly better on the posttest
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Table 3

Posttest Means and Standard Deviations for Lower and Higher-Ability Students

Ability Grouping Cued Noncued Total
Lower-ability
Homogeneous 16.83 14.08 15.51
(4.92) (3.84) 4.62)
n=40 n=37 n=77
Heterogeneous 15.79 14.00 14.85
(4.66) (3.92) (4.33)
n=19 n=21 n =40
Total 16.49 14.05 15.28
(4.83) (3.84) (4.51)
n=>59 n=>58 n=117
Higher-ability
Homogeneous 25.29 22.51 23.92
(5.54) (5.44) (5.63)
n=38 n=37 n=75
' Heterogeneous 23.79 2120 22.46
(4.96) (6.49) (5.87)
n=19 n=20 n=39
Total 24.79 22.05 23.42
(5.36) (5.81) 5.73)
n=>57 n =57 n=114

Note. "Homogeneous" indicates both members of each dyad were from the

same ability group, and "heterogeneous" indicates one member of the dyad was

lower-ability while the other member was higher-ability.
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Table 4
ANOVA Summary Table for Lower-Ability Students' Posttest Scores

Source SS DF MS F-Ratio P
Version 134.96 1 134.96 7.01 .009
Grouping 8.19 1 8.19 0.43 516
Version by

Grouping 5.98 1 5.98 0.31 578
Error 2175.69 113 19.25
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Table 5
ANOVA Summary Table for Higher-Ability Students' Posttest Scores

Source SS DF MS F-Ratio P
Version 184.57 1 184.57 5.90 017
Grouping 50.75 1 5075 1.62 206
Version by

Grouping 0.22 1 0.22 0.01 933
Error 3443.42 110 31.30
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(M =24.79, SD = 5.36) than the higher-ability students who used the noncued
version (M =22.05, SD = 5.81), F(1,110) =5.90, p <.05. ANOVA did notreveal a
significant difference between higher-ability students in the homogeneous and
heterogeneous dyads or significant interaction effects between version and
grouping,.

In addition to individual posttest performance, differences between the
posttest scores of partners in each dyad were calculated and analyzed. Means
and standard deviations for posttest score differences are reported in Table 6.
These data reveal that the mean posttest score difference was 6.70 (8D = 5.17) for
pariners who used the cued version of the CBI program and 5.84 (SD = 5.05) for
those who used the noncued version. Table 6 also shows that the mean posttest
score difference was 5.84 (SD = 4.72) for partners in the lower-ability dyads, 8.13
(8D = 5.47) for those in the mixed-ability dyads, and 4.81 (SD = 4.61) for those in
the higher-ability dyads.

Table 7 provides an ANOVA summary table for posttest differences
between dyad members. ANOVA indicated a significant main effect for ability
grouping, F(2, 106) = 4.45, p < .05. Post hoc analyses using Tukey HSD pairwise

- comparisons revealed that the only significant difference in the mean
perforn{é.nce scores of the three different ability groups was between the mixed-
ability dyads and the higher-ability (p <.05). ANOVA did not indicate a
significant main effect for version or a significant interaction between version
and ability grouping when posttest differences were analyzed.

Attitudes

Means and standard deviations for the individual attitude survey are

reported in Table 8. The numbers represent Likert-scale responses ranging from

1 (strongly agree) to 4 (strongly disagree). These data indicated that the students
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Table 6

Differences in Posttest Scores Between Dyad Members by
Version and Ability Grouping

Ability Grouping
Version LL LH HH Total
Cued 6.55 8.22 5.42 6.70
(4.57) (5.74) (5.09) (5.17)
n=20 n=18 n=19 n=57
Noncued 5.00 8.05 4.17 5.84
(4.90) (5.37) (4.09) (5.05)
n=17 n=20 n=18 n=>55
Total 5.84 8.13 481 6.28
4.72) (5.47) (4.61) (5.11)
n=237 n=238 n=37 N=112

"Note. Each "n" represents the number of dyads per cell.
LL = Homogeneous lower-ability dyads, LH = heterogeneous (mixed-ability)
dyads, HH = homogeneous higher-ability dyads.
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ANOVA Summary Table for Differences in Posttest Scores Between

Dyad Members

Source SS DF MS F-Ratio P
Version 27.47 1 2747 1.10 296
Ability

Grouping 221.50 2 110.75 4.45 014
Version by

Ability

Grouping 9.89 2 493 0.20 821
Error 2638.14 106 24.89
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Table 8
Attitude Survey Responses by Version

Version
Attitude Survey Item Cued Noncued  Total
1. The computer program was interesting. 2.22 2.26 2.24
0.77) 0.71) 0.74)
2. I tried hard to understanid the information 1.95 1.83 1.89
presented in the computer program. (0.68) (0.69) (0.69)
3. My pariner tried hard to understand the 2.10 2.03 2.06
information presented in the program. 0.87) (0.88) (0.87)
4. I concentrated on learning throughout the 2.14 2.00 2.07
entire program. 0.73) (0.75) (0.74)
5. My partner concentrated on learning 210 2.11 2.10
throughout the entire program. (0.75) (0.82) (0.78)
6. The information presented in this program  2.28 2.36 2.32
was easy to understand. 0.78) (0.85) (0.82)
7. 1 enjoyed working with a partner. 191 1.85 1.88
. . : 0.97) (0.93) (0.95)
8. 1am confident that I will do well on the 222 2:29 2.25
final test. 0.71) (0.87) (0.79)
9. I would like to learn more about designing  2.44 2.65 2.54
experiments. (0.82) (0.74) (0.79)
10. I would like to work with a partner again ~ 1.82 1.90 1.86
and do another science lesson on the (0.88) (0.93) (0.91)
computer. .

Note. Responses ranged from 1 (strongly agree) to 4 (strongly disagree).
Standard deviations in parentheses.
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generally enjoyed working with a partner (M = 1.88, SD = 0.95) and wanted to
work with a partner again to do another science lesson on the computer
(M =1.82,SD = 0.91). Most students also reported that they tried hard to
understand the information presented in the computer program (M = 1.89,

SD = 0.69). However, many students did not feel the information was easy to
understand (M = 2.32, SD = 0.82). Students also responded negatively to the
continuing motivation statement about wanting to learn more about designing
experiments (M = 2.54, SD = 0.79).

All ten attitude survey items were analyzed using MANOVA. This
analysis indicated no significant differences in overall, collective responses by
version, F(10, 214) = 1.36, p > .05, or ability grouping, F(20, 428) = 1.34, p > .05.
Practice Performance

Means and standard deviations for practice performance are reported in
Table 9. These data reveal that the mean practice score was 18.36 (SD = 4.98) for
dyads who used the cued version of the CBI program and 16.17 (SD = 5.78 ) for
those who used the noncued version. Table 9 also shows that the lower-ability
dyads had a mean practice score of 13.13 (SD = 4.98), the mixed-ability dyads

-.averaged 18.42 (SD = 5.06 ), and the higher-ability dyads averaged 20.25
(SD = 3.69) for practice performance. '

Table 10 provides an ANOVA summary table for practice performance.
ANOVA indicated that dyads who used the cued version performed significantly
better on the practice items than those who used the noncued version, F(1, 106) =
6.50, p <.01. ANOVA also indicated a significant effect due to ability grouping,
F(2, 106)=24.59, p <.001. Tukey HSD post hoc analysis of practice scores
revealed that the lower-ability dyads performed significantly worse on the

practice items than either the mixed-ability dyads or higher-ability dyads
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(p <.001). Post hoc analyses did not reveal a significant difference in practice
performance between the mixed-ability and higher-ability dyads. No significant
interaction effects between version and ability grouping were found.
Time
The total time spent using the program is reported in Table 11 by version
and ability grouping. These data reveal that the average amount of time spent
on the computer program was 83.7 minutes for dyads assigned to the cued
version and 78.0 minutes for dyads assigned to the noncued version. The lower-
ability dyads averaged 81.4 minutes, the mixed-ability dyads averaged 84.0
minutes, and the higher-ability dyads averaged 77.5 minutes on the program.
Table 11 also reports the amount of time spent on the instruction,
interaction, and practice screens. These data indicate that dyads who received
the cued version of the program spent an average 51.8 minutes on the
instruction screens, 7.8 minutes on the interaction screens, and 24.4 minutes on
practice screens. Dyads who received the noncued version spent 47.5 minutes,
5.1 minutes, and 23.8 minutes on these sections respectively. The lower-ability
dyads averaged 53.0 minutes on the instruction screens, 6.2 minutes on the
~interaction screens, and 21.6 minutes on practice screens. Mixed-ability dyads
spent 507 minutes, 6.’)’ minutes, and 25.6 minutes, while the higher-ability dyads

spent 45.6 minutes, 6.7 minutes, and 25.0 minutes on these sections respectively.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

Table 9

Means and Standard Deviations for Practice Performance by
Version and Ability Grouping

Ability Grouping
Version LL LH HH Total
14.85 19.33 20.89 18.36
Cued (5.149) (4.23) (3.32) (4.98)
n=20 n=18 n=19 n=>57
11.41 17.50 19.61 16.17
Noncued 4.18) (5.67) (4.05) (5.78)
n=17 n=20 n=18 n=>55
13.13 18.42 20.25 17.31
Total (4.98) (5.06) (3.69) (5.45)
n=37 n=38 n=37 N=112

Note. Each "n" represents the number of dyads in each cell. There were 27
possible practice item points. Standard deviations are in parentheses. LL =

. Homogeneous lower-ability dyads, LH = heterogeneous (mixed-ability) dyads,
HH = homogeneous higher-ability dyads.
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ANOVA Summary Table for Practice Performance

40

Source SS DF MS F-Ratio P
Version 133.21 1 133.21 6.50 012
Ability

Grouping 1008.51 2 504.25 24.59 .000
Version by

Ability

Grouping 23.11 2 11.56 0.56 571
Error 2173.73 106 20.51
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Table 11

Mean Time Spent on Instruction, Interaction, and Practice Screens by Version

and Ability Grouping

41

Ability Grouping
Type of
Versjon Screens LL LH HH Total
Cued Instruction 57.0 50.1 - 48.2 51.8
Interaction 7.6 8.2 7.8 7.8
Practice 21.1 26.1 26.1 244
Total 84.1 84.5 82.7 83.7
Instruction 48.5 51.3 42.8 47.5
Noncued
Interaction 4.7 5.2 5.4 5.1
Practice 22.2 25.1 23.9 23.8
Total 78.1 83.7 72.1 78.0
. Total _ Instruction 53.0 50.7 45.6 49.8
o Interaction 6.2 6.7 6.7 6.5
Practice 21.6 25.6 25.0 24.1
Total 814 84.0 77.5 80.9

Note. All time in minutes. LL = Homogeneous lower-ability dyads, LH =
heterogeneous (mixed-ability) dyads, HH = homogeneous higher-ability dyads.
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Table 12 provides an ANOVA summary table for total program time.
ANOVA indicated that dyads assigned to the cued version spent significantly
more time using the program than dyads assigned to the noncued program,
E(1,102) =3.89, p <.05. Differences in total time between the three different
ability groups were not significant.

A MANOVA test was performed on the time spent on the instruction,
interaction, and practice screens. This test indicated significant differences by
version and ability grouping. Follow-up univariate analyses indicated that dyads
assigned to the cued version spent significantly more time (M = 7.8 minutes) on
the summary and explanation interaction screens than dyads assigned to the
noncued version (M = 5.1 minutes), E(1, 99) = 24.70, p < .001.

Univariate tests also revealed significant differences between the three
different ability groups in time spent on the instruction screens, E(2, 99) = 3.20,

p < .05, and practice screens, F(2, 9) = 7.03, p <.001. Tukey HSD post hoc
analyses of these differences indicated that the higher-ability dyads spent
significantly less time on the instruction (M = 45.6 minutes) than either the
mixed-ability dyads (M = 50.7 minutes) or the lower-ability dyads M =53.0

- minutes), p < .05. Tukey HSD post hoc analyses also indicated that the lower-
ability d).l.ads spent significantly less time on the practice items(M = 21.6 minutes)
than either the mixed-ability dyads (M = 25.6 minutes) or the higher-ability
dyads (M = 25.0 minutes), p < .01. No other significant differences were found

for time data.
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ANOVA Summary Table for Total Time by Version and Ability Grouping

Source SS DF MS F-Ratio P
Version 3295553.42 1 3295553.42 3.89 .050
Ability

Grouping 2932871.47 2 1466435.73 1.73 .183
Version by

Ability

Grouping 1595784.71 2 797892.35 0.94 394
Error 86490378.58 102 847944.89
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Interaction Behaviors

A sample of 72 subjects from 36 -lyads were observed as they worked
through the summary and explanation screens of one lesson and interaction
behaviors were recorded. These interaction behaviors were grouped into the
three categories of cued behaviors, helping behaviors, and off-task behaviors for
purposes of analysis.

The cued behaviors represented those behaviors specifically addressed by
the cues directed at each dyad member during the summary and explanation
screens. These behaviors included summarizing, explaining, identifying errors,
and asking for help when needed. Table 13 presents the total number of
instances recorded for students in the sample dyads for each of the cued
behaviors. These data reveal that students in the cued version exhibited a total
of 101 cued behaviors, while students in the noncued version exhibited 44 cued
behaviors. A chi-square test performed on total cued behaviors by version
indicated that this difference was significant, X2 (1, N = 72) = 22.4, p < .001. Table
13 also indicates differences between the two versions for specific types of cued
behaviors. Subjects in the dyads who used the cued version of the program

-summarized a total of 46 times, while subjects in the 18 dyads who used the
noncued ‘\.rersion summarized 12 times. Subjects in the dyads who used the cued
version explained 32 times compared to 27 times for subjects in the noncued
dyads. There were three instances of identifying errors for subjects in the cued
dyads, while no instances were observed for those who used the noncued
version. Subjects in dyads who used the cued version asked for help 20 times

compared to 5 for those who used the noncued version.
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Table 13
Instances of Interaction Behaviors for Sample Dyads by Version

Version
Type of Interaction Behavior Cued Noncued
Cued Behaviors
Summarized 46 12
Explained 32 27
Identified errors 3 0
Asked for help 20 5
Total 101 44
Helping Behaviors
Gave solicited help 14 0
Gave unsolicited help 12 3
Checked for partner's 7 ) 2
understanding :
Encouraged partner 15 2
Total 48 7
Off Task Behaviors
11 9

Note. The total number of each interaction behavior is reported for a sample of
36 students assigned to the cued version and 36 students assigned to the noncued
version.
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Table 13 also reports the instances of helping behaviors observed for
members of the sample dyads. These behaviors were not specifically cued by
the computer program; they included giving solicited help, giving unsolicited
help, checking for partner understanding, and encouraging partner. These data
reveal that students in the cued version exhibited a total of 48 helping behaviors,
while students in the noncued version exhibited seven helping behaviors. A chi-
square test performed on total helping behaviors by version indicated that this
difference was significant, X2(1, N =72) = 28,6, p <.001. Table 13 also reports
instances of each type of helping behavior by version. These data reveal that
subjects in the cued dyads gave solicited help 14 times and unsolicited help 12
times. No instances of solicited help and three instances of unsolicited help were
observed for subjects in the dyads who used the noncued version. Subjects in
the dyads who used the cued version of the program checked for understanding
seven times, while those who used the noncued version checked for
understanding two times. Subjects in the cued dyads encouraged their partner
15 times while those in the noncued dyads encouraged their partners two times.

The third category of recorded interactions was off-task behavior. Table

- 13 also reports the instances of observed off-task behavior for subjects in the
sample of dyads. Thesedata re\;eal that subjects in dyads whoused the cued
version of the program were off-task 11 times, while those who used the
noncued version were off-task nine times. A chi-square test indicated that this
difference was not significant. However, there was a significant difference in
number of off-task behaviors between ability groups, X2 (2, N = 72) = 7.01,

P < .05. Subjects in the lower-ability dyads were off-task 10 times, subjects in the
mixed-ability dyads were off-task nine times, and subjects in the higher-ability

dyads were off-task one time during the interaction screens.
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CHAPTER IV
DISCUSSION

The purpose of this study was to investigate the effects of verbal
interaction cues and ability grouping within a cooperative learning-CBI science
program. Cooperative dyads used a computer program that either did or did
not contain verbal interaction cues designed to facilitate summarizing and
explaining between partners at various points throughout the program. All
students were assigned to one of three different types of dyads based on general
academic ability. These dyads consisted of lower-ability, higher-ability, or
mixed-ability student pairs. The study examined the effects of interaction cues
and ability grouping on performance, time, en route behavior, and attitudes

~-toward the instruction.

Résulis for performance indicated that students who used the cuea
version of the program performed significantly better on the posttest than
students who used the noncued version. Furthermore, separate analyses for
each ability group indicated that lower-ability students who used the cued
version performed better on the posttest than lower-ability students who used
the noncued version and higher-ability students who used the cued version
performed better than higher-ability students who used the noncued version. In

addition to better posttest performance, students using the cued version of the
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program also performed significantly better on the practice items than students
using the noncued version of the program.

There are several possible explanations for why students who used the
cued version performed better than those who used the noncued version. These
explanations are related to how the dyads progressed through the different
versions of the program. Direct observation of student interaction revealed that
dyads who used the cued version of the program exhibited more summarizing
behavior than dyads who used the noncued version. Cued dyads also spent
significantly more time on the interaction screens than the noncued dyads. Itis
likely that summarizing the content increased learning for students who used the
cued version of the program.

Other researchers have demonstrated the beneficial effects of
summarizing within cooperative learning groups. Yager et al. (1985) determined
that students in cooperative dyads who were directed to either summarize
information or evaluate their partner's oral summaries performed significantly
better than cooperative dyads given little or no direction to summarize.
Similarly, McDonald et al. (1985) found that members of cooperative dyads

- trained to read text passages and summarize information for their partners
recalled more information than members of cooperaﬁve dyadsnot given
summarization training. Similar results for summarizing were obtained in other
cooperative learning studies (Lambiotte et al., 1987; O'Donnell et al., 1987).

Because students who used the cued version did summarize information
before answering practice problems, it is not surprising that these students
learned more from the program than students who used the noncued version.
Summarizing information presented in an instructional program is one of the

effective elements of instruction (Gagné, 1985; Hunter, 1982). Although all

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49
students in this study were instructed to summarize when needed, the cues
provided the direction and reminders necessary for consistent interaction
between group members.

Dyads who used the cued version of the program also exhibited
significantly more helping behaviors (asking for help, giving help, checking for
understanding, giving encouragement) than those who used the noncued
version. These additional helping behaviors may have had a positive influence
on the performance of students who used the cued version. It has been
demonstrated that interactions such as these contribute to more effective
learning within cooperative groups. Based on the results of many small-group
learning studies, Webb (1989) has determined that the amount of help given or
received by members of cooperative groups correlates positively with gains in
achievement. King (1989) reported that students in dyads that asked task-related
questions and discussed problem solving strategies achieved more than students
who did not exhibit these interaction behaviors. The observation data collected
from a sample of dyads in the current study categorized interaction behaviors
like "asking task-related questions" and "discussing problem solving strategies" as

~-asking and giving help. Consequently, dyads using the cued version of the
prograni.;did, in fact, exhibit more-constructive group-member-interactions like
those identified by Webb (1989) and King (1989) than dyads using the noncued
version.

Examining posttest performance by ability across versions yielded few
surprises. Students assigned to higher-ability dyads performed significantly
better on the posttest than students assigned to mixed-ability dyads. Both these
groups performed significantly better on the posttest than students assigned to
the lower-ability dyads. These results show that ability, as measured by
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performance on a nationally standardized test, is a very strong predictor of
performance when students work together during a CBI program.

The differences between the posttest scores of dyads in the three different
ability grouping categories were also not surprising. Partners in the mixed-
ability dyads had a mean difference of over eight points, compared to less than
five between members of the higher-ability dyads and less than six for members
of the lower-ability dyads. These results were consistent across versions, again
illustrating the major effect that general academic ability has on learning from an
instructional program.

An interesting result to emerge for ability was the lack of significant
differences in posttest scores between heterogeneously and homogeneously
grouped students from the same ability group. Contrary to the results from
other cooperative learning studies that examined ability grouping, the higher-
ability students in the current study did not perform significantly worse when
paired with a lower-ability student than when paired with a higher-ability
student. By the same token, lower-ability students performed at nearly the same
level when paired with either a higher-ability student or a lower-ability student.
" These results do not support the results of studies conducted by Beane and
Lemke (ié?l); who concluded that mixed-ability grouping was-beneficial for
high-ability students but not for low-ability students. In other related studies,
Hooper and Hannafin (1988, 1991), and Hooper (1992) found that homogeneous
grouping was more effective than heterogeneous grouping for high-ability
students, but heterogeneous grouping was more effective than homogeneous

grouping for low-ability students.
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However, in most of the previous studies investigating the effects of
ability grouping on achievement, the average-ability students were either
eliminated from the subject pool (e.g. Hooper & Hannafin, 1988, 1991) or
classified into separate, average-ability groups (e.g. Webb, 1982; Yager et al.,
1985). The present study used a median split procedure for determining lower
and higher-ability students. Consequently, some students near the median may
have been dlassified as lower-ability while others, with only slightly higher ITBS
scores, were classified as higher-ability. Itis pdssible that the presence of
average ability in this study "watered down" any effects attributable to high
versus low ability.

The results from a number of en route measures examined by ability
grouping create an interesting picture of the learning behaviors of students
assigned to the different ability groups. Students in the lower-ability dyads
performed significantly worse on the practice items than students in either the
mixed-ability dyads or higher-ability dyads. It appears that having a higher-
ability student in the group increased practice performance, regardless of
whether the higher-ability student was paired with a lower or higher-ability
-.student. This may indicate that the higher-ability students in the mixed-ability
dyads wére more responsible for answering the practice problems than their
lower-ability partners.

The time data for the three different ability groups also indicate some
fypical learning behavior patterns. The higher-ability dyads spent significantly
less time on the instruction screens than either the heterogeneous groups or the
homogeneous lower-ability groups. This was probably due to the reading levels
of the higher-ability students. These students most erly read through the

information presented during the information screens more quickly than the
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lower-ability students. Although students in higher-ability dyads spent less time
on the information screens than students in the other dyads, they spent
significantly more time on the practice screens. This suggests students in the
higher-ability dyads discussed the practice items more thoroughly than students
in mixed or lower-ability dyads before selecting answers.

Differences in the amount of off-task behavior between students in the
different ability groupings shed additional light on why students from some
groups learned more than students from other groups. Students in the lower-
ability and mixed-ability dyads were off-task more than the higher-ability dyads.
The presence of a lower-ability student increased the chances of one or both
dyad members being off-task. Whether being off-task is influenced by ability, or
ability is influenced by the propensity for being off-task is not certain. What is
certain is that assignment to different ability groupings influenced off-task
behavior in the current study.

In examining student attitudes, the results showed no significant
differences by version or ability grouping. This may seem surprising, since other
researchers have reported that attitudes are influenced by cooperative learning

- (Hooper et al., 1993; Mevarech, et al., 1987). However, these studies compared
cooperat{‘}e learning to individual learning, while in the current-study all
students worked with a partner at the computers. Results for attitudes did
indicate that most students enjoyed working with a partner, wanted to work
with a pariner again, and tried hard to understand the information. Students
also reported that they did not feel the information was easy to understand and
they did not want to learn more about the subject matter. These negative

responses were probably due to the difficult nature of the material presented.
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The results from this study support previous research on the effects of
providing cues in non-CBI cooperative learning programs (Lambiotte et al., 1987;
O'Donnel], Dansereau, Hall, & Rocklin, 1987; O'Donnel, et al, 1987; Yager et al.,
1985). These results also lend support to models of cooperative learning that
suggest the type and amount of interaction between group members is an
important factor to influence learning (Johnson et al, 1990; Sharan and Sharan,
1976; Slavin, 1980).

The results of the current study also have implications for the design of
computer-based instruction. Since many teachers group students at computers,
designers should consider including cues to stimulate constructive peer
interaction throughout an instructional program. Others have demonstrated
that students may not routinely summarize and share explanations in small
groups if they are simply instructed to do so at the beginning of a lesson. After
reviewing the research literature on small group learning, Cohen (1992)
indicated that students in small groups tend to operate at the lowest levels of
interpersonal skill unless they are directed to do otherwise. This is echoed by
cooperative learning theorists who suggest that strategies should be designed to

*-facilitate.constructive interaction behavior (Johnson et al., 1990; Slayin, 1983).
The curréﬁt study shows that interaction cues can be designed to facilitate this
constructive behavior when students work together during a CBI lesson.

The results from this study also suggest several specific areas for future
research. Although the cues differentially affected the number of times students

summarized, students who used both versions interacted approximately the
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same number of times during the explanation screens. These explanation
screens offered more specific direction to the students by asking questions to be
answered. Perhaps a more directed approach to the summary screens through
the use of questioning strategies would have yielded higher participation during
these screens. Also, the cues used in this study called on students by name. Itis
not certain how this small amount of personalization may have influenced the
students' experience with the program. Future research could investigate the
effects of personalization within cooperative learning groups. Another area of
future research deals with the manner in which students were grouped by ability
in this study. The results may have turned out differently had low, medium, and
high ability groups been established. Conducting similar research using three
different ability groups may yield data more useful to those interested in ability
as an important research and design variable.

There may also be some value in investigating the effects of summary and
explanation cues for individuals versus groups. The effects of structuring verbal
interaction may become even more clear if groups are compared to individuals
who are prompted to summarize and explain to themselves throughout an

~-instructional program. Research of this nature may help determine the best
possiblé';vay to develop CBI programs for indi.viduals as well ‘as cooperative
learning groups.

As the number of teachers utilizing technology to deliver instruction
increases, more students will be required to work in small groups to learn from
computer-based instruction. Instructional designers should continue to
determine which variables will influence learning when students use CBI in

cooperative settings. As more information is gathered about how to design
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instruction for small groups, a clearer picture may emerge about the appropriate

uses of cooperative learning with educational technology.
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COMPUTER PROGRAM OBJECTIVES
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Objectives for "Designing Controlled Experiments"

Knowledge Outcomes

Identify the definitions of the terms Observation, Problem, Hypothesis, and
Experiment. (Lesson 1)

Given a list of statements, identify each as either an observation, a problem, a
hypothesis, a prediction, or a conclusion. (Lesson 1)

Application Outcomes

Identify the independent and dependent variables stated in given hypotheses.
(Lesson 2)

Given an example of two set-ups for an experiment, identify the control and
variable groups. (Lesson 2)

Given descriptions of an experiment's control and variable groups, identify the
independent, dependent, and extraneous variables. (Lesson2)

Given a problem, hypothesis, and prediction statement, design a controlled

experiment by generating, listing, and classifying each variable type for a control
and variable group. (Lesson 3)
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Lesson #1: Observations

[Student#2], explain to [Student#1] why statement #1 below is an
example of an observation, but statement #2 is not.

[Student#1], listen carefully to [Student#2] and ask questions about
things you don't understand or things you don't agree with (including
errors or missing pieces of information).

Statement #1: "The edges of the leaf feel smooth."

Statement #2: "l feel sorry for freshmen, they're all so ugly."

it  Lesson #1: Observations

Why is statement #1 below an example of an observation, but
statement #2 is not?

Statement #1: “The edges of the leaf feel smooth."

Statement #2: "l feel sorry for freshmen, iney're all so ugly."

Note. Cued screen (top) with corresponding noncued screen (bottom).
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Mid-Lesson #1 Review

Now is a good time for both of you to review the information presented
up to now before you answer the first set of practice problems.

Student#1, you will be the summarizer. It is your job to verbally
review the information presented over the scientific method step:
"Making Observations” for Student#2. Try to recall the objective for
this step and briefly summarize the information presented.

Student#2, you will be the listener. Listen carefully while Student#1
summarizes the information presented over the scientific method step
"Making Observation". As Student#1 summarizes, ask questions about
things you don't understand or things you don't agree with...including
errors or missing pieces of information.

Mid-Lesson #1 Review

Now is a good time for both of you to review the information presented
up to now before you answer the first set of practice problems.

Review the information presented over the scientific method step:

"Making_Observations".

“Remember, "review" means trying to recall the objective for this step
and briefly summarizing the information presented.

permission.
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it Mid-Lesson #1 Review

[Student#2)], now you will be the summarizer. It is your job to
verbally review the information presented over the scientific method
step: "Identifving_a Problem" for [Student#1]. Try to recall the
objective for this step and briefly summarize the information
presented.

{Student#1], you will be the listener. Listen carefully while
[Student#2] summarizes the information presented over the scientific
method step “Identifying a Problem". As [Student#2] summarizes, ask
questions about things you don't understand or things you don't agree
with...including errors or missing pieces of information.

i Mid-Lesson #1 Review

Review the information presented over the scientific method step:

“Identitying a_Problem".

*Remember, ‘review" means trying to recall the objective for this step
and briefly summarizing the information presented.

E %
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Aililﬁli Mid-Lesson #1 Review

"Just one more small summary before you are presented with practice
problems.

[Student#1], now you will be the summarizer. It is your job to
verbally review the information presented over the scientific method

step: "Choosing a_Hypothesis" for [Student#2].

[Student#2), you will be the listener. Listen carefully while
[Student#1] summarizes the information presented over the scientific
method step "Choosing a Hypothesis".

| Mid-Lesson #1 Review

Just one more small summary before you are presented with practice
problems.

Review the information presented over the scientific method step:

“Choosing g Hypothesis".
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i Lesson #1: Prediction

[Student#1], explain why the statement below is not a good example of
a prediction statement. [Student#2], listen carefully to [Student#1]
and remember to ask questions about things you don't understand or
things you don't agree with.

"l predict that the earth is round because if | fly an airplane in a
straight line iong enough 1 will end up where | started.”

Lesson #1: Prediction

Why is the statement below not a good example of a prediction
statement?

"| p'réldict that the earth is round because if | fly an airplane”in a
straight line fong enough | will end up where | started.”
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1 A More Lesson #1 Review

Now is a good time for both of you to review the information presented
up to now before you answer the second set of practice problems.

[Student#2], you will be the summarizer. It is your job to verbally
review the information presented over the scientific method step:

"Making a_Prediction” for [Student#1). Try to recall the objective for

this step and briefly summarize the information presented.

[Student#1], you will be the listener. Listen carefully while
[Student#2] summarizes the information presented over the scientific
method step "Making a Prediction”. As [Student#2] summarizes, ask
questions about things you don't understand or things you don't agree
with...including errors or missing pieces of information.

More Lesson #1 Review

Now is a good time for both of you to review the information presented
up to now before you answer the second set of practice problems.

Review the information_ presented over the scientific method step:

"Making g Prediction".

"Remember, “review" means trying to recall the objective for this step
and briefly summarizing the information presented.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



69

1M More Lesson #1 Review

[Student#1], now you will be the summarizer. It is your job to
verbally review the information presented over the scientific method
step: "Designing Experiments" for [Student#2]. Try to recall the
objective for this step and briefly summarize the information
presented.

[Student#2], you will be the listener. Listen carefully while
[Student#1] summarizes the information presented over the scientific
method step "Making a Prediction". As [Student#1] summarizes, ask
questions about things you don't understand or things you don't agree
with...including errors or missing pieces of information.

it} More Lesson #1 Review

Review the information presented over the scientific method step:
" igning Experiments”.

*Remember, “review" means trying to recall the objective for this step
and briefly summarizing the information presented.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction pr

More Lesson #1 Review

Just one more small summary before you are presented with more
practice problems.

[Student#2], now you will be the summarizer. It is your job to
verbally review the information presented over the scientific method
step: "Analyzing Data/Conclusion” for [Studenti#1].

[(Student#1], you will be the listener. Listen carefully while
[Student#2] summarizes the information presented over the scientific
method step "Analyzing Data/Conclusion”.

More Lesson #1 Review

Just one more small summary before you are presented with more
practice probiems. :

Review the information presented over the scientific method step:

"Analyzing Data/Conclusion".

ohibited without permission.
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it Lesson #2: Information

[Student#1], explain to [Student#2] why the underlined variable in the
hypothesis below is the independent variable, and the non-bolded
variable is the dependent variable.

[Student#2], listen carefully to [Student#1]). Be sure to ask questions
about things that are unclear or things you think are wrong.

Hypothesis: The sgize of the fishtank affects how big the
goldfish will grow.

Click the "next" arrow to check your answers.

Lesson #2: Information

Why is the underlined variable in the hypothesis below the independent
variable, and the non-bolded variable the dependent variable?

Hypbthesis: The gize of the fishtank affects how big the
goldfish will grow.

Click the "next" arrow to see the answer.
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fifi Lesson #2: Information

[Student#2], explain to [Student#1] why the underlined variable in the
hypothesis below is the independent variable, and the non-bolded
variable is the dependent variable,

[Student#1]}, listen carefully to [Student#2]. Be sure to ask questions
about things that are unclear or things you think are wrong.

Hypothesis: The amount of cavities in a child's teeth

depends on the brand of toothpaste used.

Click the "next" arrow to check your answers.

Lesson #2: Information

Why is the the underlined variable in the hypothesis below the
independent variable, and the non-bolded variable the dependent
variable?

Hypothesis: The amount of cavities in a child's teeth™

depends on the brand of toothpaste used.

Click the "next" arrow to see the answer.
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miii Mid-Lesson #2 Review

Now is a good time for both of you to review the information presented
up to now before you answer the next set of practice problems.

[Student#1], you will be the summarizer. It is your job to verbally
review the information presented over |ndependent Variables for
[Student#2]. Try to recall the objective for this variable and briefly
summarize the information presented.

[Student#2], you will be the listener. Listen carefully while
[Student#1] summarizes the information presented over Independent
Variables. As [Student#1] summarizes, ask questions about things you
don't understand or things you don't agree with...including errors or
missing pieces of information.

Mid-Lesson #2 Review

Now is a good time for both of you to review the information presented
up to now before you answer the next set of practice problems.

Review the information presented over |ndependent Varigbles.

*Remember, “review" means trying to recall the objective for this
variable type and briefly summarizing the information presented.
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Mid-Lesson #2 Review

[Student#2], now it's your turn to be the summarizer. It is your job
to verbally review the information presented over Dependent Variables
for [Student#1]. Try to recall the objective for this variable and
briefly summarize the information presented.

[Student#1], you will be the listener. Listen'carefully while
[Student#2] summarizes the information presented over Dependent
Variables. Don't forget to ask questions about things you don't
understand or things you don't agree with...including errors or missing
pieces of information.

Mid-Lesson #2 Review

Review the information presented over Dependent Variables.

*Remember, “review" means trying to recall the objective for this
variable type and briefly summarizing the information presented.
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More Lesson #2 Review

Once again it's time for both of you to review the information
presented before you answer the next set of practice problems.

[Student#2], you will be the summarizer. It is your job to verbally
review the information presented over Extraneous Variables for
[Student#1]. Try to recall the objective for this and briefly summarize
the information presented.

[Student#1], you will be the listener. Listen carefully while
[Student#2] summarizes the information presented over Extraneous
Variables. As [Student#2] summarizes, ask questions about things you
don't understand or things you don't agree with...including errors or
missing pieces of information.

Y

More Le;son #2 Review

Once again it's time for both of you to review the information
presented before you answer the next set of practice problems.

Review the information presented over Extraneous Varighles.

“Remember, "review" means trying to recall the objective for this
variable type and briefly summarizing the information presented.

thout permission.
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More Lesson #2 Review

[Student#1], now it's your turn to be the summarizer. It is your job
to verbally review the information presented over [dentitying Control
and Varigble Groups for [Studeni#2]. Try to recall the objective for

this variable and briefly summarize the information presented.

[Student#2], you will be the listener. Listen carefully while
[Student#1] summarizes the information presented over ldentifying
Control and Variable Groups. Don't forget to ask questions about things
you don't understand or things you don't agree with...including errors or
missing pieces of information.

More Lesson #2 Review

Review the information presented over ldentifying_Control and .
Variable Gr . -

*Remember, “review" means trying to recall the objective for these
groups and briefly summarizing the information presented.
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Lesson #3 Review

Once again it's time for both of you to review some of the information
presented before you answer the next set of practice problems.

[Student#1], you will be the summarizer. It is your job to verbally
review for [Student#2] the information presented over the first three
steps involved in designing controlled experiments: |dentifying the
| n Variabl Determining_ th f

and Determining_Three Extraneous Varigbles, Try to recall the
objective for this area and briefly summarize the information
presented.

[Student#2], you will be the listener. Listen carefully while
[Student#1] summarizes the information. As [Student#1] summarizes,
ask questions about things you don't understand or things you don't
agree with...including errors or missing pieces of information.

Lesson #3 Review

Once again it's time for both of you to review some of the information
presented before you answer the next set of practice problems.

Review the information. presented over the first three steps involved

in designing controlled experiments: Identifying the Indeperident and

ndent Varigb! rmining the T fT n rminin

Three Extraneous Variables.

*Remember, "review" means trying to recall the objective for these
steps and briefly summarizing the information presented.
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Lesson #3 Review

[Student#2], now it is your turn to be the summarizer. Summarize
for [Student#1] the information presented over the fourth step in
designing an experiment: Describe and Label All Variables in the
Control and_Varigble Groups.

[Student#1], listen carefully to [Student#2]. Be sure to comment on
any errors or missing information.

Click on the "Next" arrow when you are ready for the last set of
practice problems.

Lesson #3 Review

Review the information presented over the fourth step in designing an
experiment: Describe and Label All Variables in th ntrol
Variabl r

Click on the "Next" arrow when you are ready for the last set of
practice problems.
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Aitt Designing Controlled Experiments

Welcome
{Student#1]
and-

[Student#2]

Working together, you will both use this computer program to learn
some important things about scientific experiments. [Student#2],
start the program by using the mouse to point and click on the "next"
arrow in the right corner below.

Getting Started

This computer program will present the following 3 lessons on
scientific experimentation:

Lesson 1: The Steps In the Scientific Method
Lesson 2: The Parts of a Controlied Experiment

Lesson 3: How to Design a Controlled Experiment

student, click on the “next® button below to continue.
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How to Use This Progfram

As you have probably figured out by now, the computer will direct both
of you 1o share the mouse and keyboard at ditferent times throughout
this computer program. Usually, each of you will be specifically
directed by name to click on a button or type some information into a
box.

It is Important to follow all directions cerefully and share
the computer when directed.

[Student#2], click the “"next® button below to continue.

Mitt How to Use This Program

The computer will not always tell you what to do. Sometimes you will
have to discuss what you should do next and dacide who will use the
mouse or type intormation. For example, the arrow in the lower left
corner of this screen Is a “go back® arrow. This arrow will be on some
of the information screens. If you click on this arrow you will go back
to the screen displayed before the one you are currently viewing. Using
this button will allow you to go back and review information if needed,
but the computer will never diract you to use it.

Some screens will also have a stop sign in the bottom left corner too.
Clicking on this button will take you out of the program. Only use this
button when it is time to quit for the day.

Try clicking one of these two buttons now.

a@ =)

Grading

You will both earn two grades for learning the information presented in
this computer program:

Grade #1; Prsctice Problem Score

One grade will be the score both of you earn together on the practice
problems presented in this program.

Grade #2: Written Test Score
The other grade will be an individual grade based on how well each of
you perform by yourselves on a written test over the material

p d in this p program. This test will be given on the day
following your completion of this computer program.

& =
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Grading

The practice problems will be given after a section of information and
examples have been presentod. The overall score you both receive tor

ploting this p prog depends on how well you do on the
practice problems.

Remember, you will also have to take a written test over the materiat
individually at the end of the program, so it is best  you each try to
figure out the ct to the practice probi before you
decide on a team answer. You will be notified when the praciice
problems will be coming up, and it is a good idea to review and dzscuss
the information before you try and answer these problems.

[Student#1), click the “next® bution below to continue.

&

P} Getting Started

To make sure you both help each other learn the information presented
in this program, be sure to share the following roles throughout the
three different lessons:

Summasrizer: Verbally summarize some information for your partner.
Explainer: Verbally explain examplies for your partner.

Listener: Listen carefully while your partner summarizes or explains.
As your partner summarizes or explains, it is your job to
ask questions about things you don't understand or things
you don't agree with (including identify atrors or missing
pieces of information).

i Getting Started

Now it is time to begin the instruction. As you go through the screens
for Lesson #1: The Sclentific Method, be sure 10 share the
responsibilities ot using the mouse. Also, don't forget to let your
partner know if you need to go back and review any information.

This computer program begins with an overview of the steps most
scientists take as they try to solve problems. Lesson #1 introduces
the steps in the scientitic method.

Have fun!
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Lesson #1
The Scientific Method

Lesson #1 Introduction

Carefully examine the picture of the two trees below.

Sl m!..{ X dav .‘M\"ﬁfl o
'Sl‘f",","'ﬁ?q 'l?:;'ﬁ .-q.:\i-ék'" e f;ﬂw’ﬁ'n’ "-:

What differences do you notice between the two trees?

Aiitt  Lesson #1 Introduction

Did either of you notice that grass was growing directly under the tree
on the left, but it was not growing within a circle directly under the
tree on the right?

Why would grass be growing under one of the trees but not the other?

Suppose these were two identical trees growing in the same park.
Could you make a guess as to why the grass would be growing
underneath one of the trees but not the other?

&
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Pl Lesson #1 Introduction

Perhaps the tree without the grass growing directly under it is in a
better location and more people sit under it for shade.

Perhaps the tree with the grass underneath it is closer t0 a trail where
" dogs are walked. The dogs tinkle under this tree and the grass grows

more....or would the grass grow less?

Perhaps one tree gets more sun or'water.

Perhaps one tree produces {ruit, and the fruit falls off the tree and
fertilizes the ground causing the grass to grow.

Perhaps the groundskeeper went out for doughnuts after trimming the
grass around only one of the trees.

2] =

Pl Lesson #1 Introduction

What could you do to find out exactly why the grass isn't growing the
same around the two trees?

N OIY TR
A {l?' -'4'/11'
ll.‘

(K2
R é\-,h R»:\}ld!,' .n"

i Lesson #1 Introduction

The steps you just went through demonstrate most of the steps in the
SCIENTIFIC METHOD.

The scientific method is a specific procedure for identifying and trying
to solve problems that arise from observations. Here are the steps in
the order they are usually followed:

Step One: Making Observations
Step Two: Identifying a Problem
Step Threo: Choosing a Hypothesls

Step Four: Making a Prediction

Step Five: Designing a Controlled Experiment
Step Six: Analyzing the Date/Conclusion
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Mt  Lesson #1 Introduction

By examining the picture of the two trees, you are making
observations.

By asking the question "Why is the grass growing ditferently
underneath the two trees?" you are stating a problem.

By trying to guess why the grass was growing differently under the
two trees, you are making a hypothesis.

Finally, you might do an experiment to determine if your hypothesis
is right or wrong.

@ . =

Attt Lesson #1 Introduction

(Student#1] and [Student#2], after completing Lesson #1, you will have
to demonstrate the following skills on a test:

» Identify the definitions of the following terms:
Observation, Problem, Hypothesls, Experiment

» Given a list of statements, identify each as either an

observation, aproblem, a hypothesls, a prediction,ora
conclusion statement.

You will now be presented with the information necessary to teach you
how to do both all the things listed above.

& _ =g

At  Lesson #1: Observations

Step One: Making Observations
Step Two: Identifying a Problem
Step Three: Choosing a Hypothesis
Step Four: Making a Prediction

Step Five: Designing an Experiment
Step Six: Analyzing Data/Conclusion
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Mt  Lesson #1: Observations

The first step in the scientific method is making qbservations.

An observation is anything you see,
hesr, smell, touch, or taste.

Anything you do with one or more of your five senses is an observation.

Noticing or "seeing” that the grass was not growing the same around
the two trees is an example of an observation.

&

Mttt  Lesson #1: Observations

The following are examples of statements representing obsarvations:

The sky looks blue,

A frog's skin feels damp and bumpy.
Birds have feathers.

Many motorcycle poll have tach
The ball fell to the ground when dropped.
The temperature of the air ls 78°.
Lemons taste sour.

The teacher Is frowning.

The tirecracker made a loud bang.

Mt  Lesson #1: Observations

[Student#2], explain to [Student#1] why statement #1 below Is an
example of an observation, but statement #2 is not.

[Student#1], listen carefully to (Student#2] and ask questions about
things you don‘t understand or things you don't agree with (including
errors or missing pieces of information).

Statement #1: ‘The edges of the leaf feel smooth,*

Statement #2: °l foel sorry for freshmen, they're sll so ugly.®

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Aftie Lesson #1: Problem

Step One: Making Observations
Step Two: Identifying a Problem
Step Three: Choosing a Hypothesis
Step Four: Making a Prediction

Step Five: Designing an Experiment
Step Six: Analyzing Data/Conclusion

i Lesson #1: Problem

The second step in the scientific method is jdentifying a problem.

A problem Is a question you have
about one or more observations.

Suppose you made the observation that, in all your classes, the kids
with the highest scores had red hair. This observation would probably
make you wonder if redheaded people are smarter than other people. Or
maybe the teachers just likes redheads better. Or maybe redheaded
people have better vision than normal so they can cheat better, In any
case, questions you have-about obsarvations you make are called
PROBLEMS. In this example, "Why do redheads seem to do better in
school?” would be the problem.

€

i Lesson #1: Problem

The ing are st s rep ting ples of prob!
Why does the moon appear to change shape throughout the month?
Why do the tides of the ocean rise and fall?

Does fertilizer affect the growth of plants?

Does temperature affect how far a bascball will travel when hit?
Does the amount of humidity in the air affect the curl of my hair?

Notice that these statements are, in fact, questions (they all end with
a question mark).

=
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Piliiii Lesson #1: Hypothesis

Step One: Making Observations
Step Two: ldentifying a Problem
Step Three: Choosing a Hypothesis
Step Four: Making a Prediction

Step Five: Designing an Experiment
Step Six: Analyzing Data/Conclusion

il Lesson #1: Hypothesis
The third step in the scientilic method is ghoosing 8 hypothesis,

A hypothesis is a guess at the answer to &
problem, usually based on many observations.

All the guesses about why the grass might have grown differently
under the two trees are examples of hypotheses (“hypotheses® is the
plural form of *hypothesis®). Click on the scrolling arrows to view all
these hypotheses again:

Perhaps the tree without the grass growing directly under it is in a [S

better location and more people sit under it for shade.

Perhaps the tree with the grass underneath it is closer 1o a trail

€

P Lesson #1: Hypothesis

The following stat: nts are P of hypoth Notice that
they all restate a problem and include a guess at the answer.

The grass grows differently under the two treos because one
tree gots more water.

Bigger fishtanks contain bigger goldfish because fish will
grow to the size of their containers.

Heavior objects fall st the same spoed as lighter objects
because the force of gravity pulling them down s the same.

a
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it Mid-Lesson #1 Review

Now is & good time for both of you to review the information presented
up to now before you answer the fitst set of practice problems.

{Student#1), you will be the summearizer. It is your job to verbally
review the information presented over the scientific method step:
*Making Observations” for [Student#2). Try to recall the objective for
this step and briefly ize the information pr d

[Student#2], you will be the listener. Listen carefully while
[Student¥#1] summarizes the information presented over the scientific
method step *Making Observation®. As [Student#1] summarizes, ask
questions about things you don't understand or things you dont agree
with...Including errors or missing pleces of information.

Aif  Mid-Lesson #1 Review

{Student#2], now you will be the summarizer. It is your job to
verbally review the information presented over the scientific method
step: “Identifying _a Problem"® for [Student#1]. Try to recall the
objective for this step and briefly summarize the information
presented.

{Student#1], you will be the lstener. Listen carefully while
(Student#2] izes the inf, tlon p! ted over the scientific
method step “ldentifying a Problem®. As [Student#2] summarizes, ask
questions about things you don't understand or things you dont agree
with...including errors or missing pieces of information.

Mttt Mid-Lesson #1 Review

Just one more small summary before you are presented with practice
problems.

[Student#1], now you will be the summarlzer. It is your job to
verbally review the information presented over the scientific method

step: “Choosing & Hypothesis® for [Student#2).

[Student#2], you will be the (st . Listen fully while
{Student#1) izes the inf tion presented over the scientific
hod step "Choosing a Hypothesis®.
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Mt Lesson #1: Practice Item 1

Scientist Kevin wants to know if music affects the way a plant grows.
He buys a housaplant and places it next to a radio. He plays the radio
all day and all night for two months. Click on the statement below
that describes an observation Kevin might make about plant growth.
a. The plant is healthy.
b. Why is the plant not growing?

¢. The plant is not growing because it doesn't like
the music,

d. The plant has grown 1/2 an inch in

Mttt Lesson #1: Practice Item 2

Click on the statement below that best defines the word problem as
it is used in the scientific method.

a. A question you have about one of more observations

b. A test on a hypothesis to see i it is true

¢. A question you have about a hypbthesls

d. Anything you do with one or more of your five senses

Jitt Lesson #1: Practice Item 3

Scientist Kevin was having trouble getting a date for the prom. This
was unusual because for the last three proms Kevin had to decide
which dozen girls he would dump hard and which dozen he would let
down easy before he picked the lucky one. Click on the statement

below that best represents a hypothesis about Kevin's dating problem.

a. What is causing Kevin's dating problem?
b. Kevin is having trouble getting a date.

. Kevin's dating problems are due to his new
haircut.

. Many students are laughing at Kevin's new
haireut.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

91



92

Mitt Lesson #1: Practice ltem 4

Click on the statement below that best defines the word hypothasis.

. A test carried out to determine the answer to a problem
. A guess at the answer 10 a problem, usually based on observations
. A question you have about one or more observations

. A guess at the meaning of obsarvations

it Lesson #1: Practice ltem 5

Kevin the scientist was flipping through the last 12 months of
newspapers just 1or fun and he noticed that whenever there was a full
moon the temperatures all over the world were a few degrees higher
than they had been on previous days. Click on the statement below that
represent a problem based on these observations.

The moon affects temperature.
Does a full moon cause temperatures to rise?
. The moon causes the weather to change.

. If the moon is a sliver, will the temperaturas
go down?
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At Lesson #1: Practice ltem 6

Click on the statement below that best defines observation.

. A guess at the answer to a problem
. Questions you have about things you do with your five senses
. Anything you see

. Anything you hear, smeli, touch, taste, or see

Jiit  Practice Problem Score

[Student#1]
and
[Student#2]

Out of the six practice problems so far, you have answered the
following number correctly:

N

This number represents the number of points you have earned so far,

Lesson #1 Continues.......
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Pt Lesson #1: Prediction

Step One: Making Observations
Step Two: Identifying a Problem
Step Three: Choosing a2 Hypothesis
Step Four: Making a Prediction

Step Five: Designing an Experiment
Step Six: Analyzing Data/Conclusion

i Lesson #1: Prediction

The next step in the scientific method is making a prediction. A
prediction is a that contains the tollowing three parts:

Part One: This part begins with the word “i* followed by a
of the hypothesi

Part Two: This part begins with the word *And” followed by a
brief description of a test on the hypothesis.

Part Three: This part begins with the word ‘Then* followed by

a stalement describing what should happen in the
test if the hypothesis is, in fact, true.

&

i} Lesson #1: Prediction

Here is an ple of a pradiction 1t using a hypothesis from
the tree and grass problem:

'y X

if more grass grows under one tree because fewer people sit under
this tree, and a fence is put up around both trees, then the grass
should grow the same under both trees.

Notice that all three parts of the prediction statement are included.
The *if* is followed by a restatement of the hypothesis, the "and”
describes a test, and the “then" describes what should happen in the
test if the hypothasis is true.

€A =
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Lesson #1: Prediction

Here is another le of a p

H scientist Kevin can't get a date to the prom
because he has a bad haircut, and he gets a
new and improved halrcut, then somebody
(besides his mother) will say "yes® when he
asks them 1o the dance.

i Lesson #1: Prediction

{Student#t], explain why the below is not a good example of
a prediction statement. [Student#2], listen carefully to [Student#1]
and 1 ber to ask questi about things you don't understand or
things you don't agree with,

*t predict that the earth is round because if | fly an airplane in a
straight line long enough | will end up where | started.”

Mitf  Lesson #1: Experiment

Step One: Making Observations
Step Two: Identifying a Problem
Step Three: Choosing a Hypothesis
Step Four: Making a Prediction
Step Five: Designing an Experiment
Step Six: Analyzing Data/Conclusion
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i Lesson #1: Experiment

Step five in the scientilic method is designing an experiment 1o
d it the hypothesis might be true.

An experimont (s a test on a hypothesis
to determine i t might be true.

The "and® portion of the prediction statement gives & simple
description of the type of experiment used to test the hypothesis. For
ple, in the prediction *if more grass grows under one Yree because
fewer people sit under this tree, and & fence is put up around both
treos, then the grass should grow the same under both trees,* the
experiment will include putting fences up around both trees.

Designing a good experiment will be the topic of lessons #2 and #3 of
this program, so just the definition will be presented now.

& &>

,Mm Lesson #1: Conciusion

Step One: Making Observations
Step Two: Identifying a Problem
Step Three: Choosing a Hypothesis
Step Four: Making a Prediction

Step Five: Designing an Experiment
Step Six: Analyzing Data/Conclusion

Wi Lesson #1: Conclusion

The sixth and final step in the scientific method involves two
important pans.

The first part is data anslysls. In determining whether or not the
hypothesis is supported basad on the data (information) collected in an
experiment, it is often necessary to graph the recorded data.
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i Lesson #1: Conclusion

Imagine you performed an experiment to test the hypothesis that music
makes plants grow better. You performed an experiment which
included a plant grown in a room with music and a plant grown in a
room without music. You ded the following inf tion over ten
days:

Growth of plant with music

Growth of plant without music

Day 6~ 4mm Day t-7mm
Owy 2- 4mm Day 7- 3mm Day 2= 2mm Day 7= 2mm
Doy 3~ Imm Day 8~ Senvn Day 3~ Senm Oay 8- tmm
Day 4- Zmm Day 9~ 4mm Day 4~ 2mm Day 9= Smm
Day 10~ 4mm Day S 2mm

Based on this data, could you say your hypothesis is true? A graph
might help. Click the “next® arrow to see a graph of total plant growth
based on this data.

&

&

Dt Lesson #1: Conclusion

Here is a graph of the data from the previous screen. Notice that the
plant grown in the room with the music appears to have grown more.

Tt
-
URTILL o

Piliii Lesson #1: Conclusion

The second part of step six in the scientific method is making a
conclusion.

A conclusion is simply a statement that says:
*Based on the data, my hypothesis
is supportedinot supported.”

A hypothesis is supported if the “then" part of the prediction
statement turns out to be true once the experiment has been
completed.
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i Lesson #1: Conclusion

To illustrate how & lusi it is d ined, an
a simple experiment is dad

In the tree and grass example, a hypothesis for the problem *Why is the
grass growing differently under the two trees?* could be that people
are sitting under one tree more than the other. The tree with no grass
under it has more people sitting beneath it. A prediction statement for
this problem and hypothesis would read:

H more grass grows under one tree because fewsr people sit under

this tree, and a fence is put up around both trees, then the grass
should grow the same under both trees.”

&

At Lesson #1: Conclusion

Remember, the hypothesis states that the grass is not growing under
the tree on the right because more people sit under this tree.

I Ry
.".[.'1 I" : ‘.
Slew k\‘zkl,;w.:',:wﬁ.'i.
Click the "next* arrow to carry out a simple experiment
by building a fence around the trees.

&

P Lesson #1: Conclusion

&1,
8
7,
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i Lesson #1: Conclusion

H .‘?‘: .vgl(-l‘:'ﬁ, . “&:ﬁﬁ

Lesson #1: Conclusion

Now click the *next® arrow to view what happens to the grass under the
trees over the next 20 days.

Lesson #1: Conclusion

%

&

ey SO

‘;" y 'Id‘v;{ G
LA e
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Pk Lesson #1: Conclusion

Attt Lesson #1: Conclusion

Observe the grass growing under both treesl Click the “next® arrow to
sep how this data matches the prediction.

0‘4’11.

.c"i)l"lq 7'{- Hl ALY .p.‘réﬁ%’

R IRICIICIICHICHKIR

=

P i Lesson #1: Conclusion

Recall the prediction statement: It more grass grows under one tree
because fewsr people sit under this tree, and a fence is put up around
both trees, then the grass should grow the same under both trees.

Since the grass did grow the same under both trees, the conclusion
statement would say:

*Based on the data, my hypothesis is supported.®

€
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Atk More Lesson #1 Review

Now is a good time for both of you to review the information presented
up to now before you answaer the second set of practice problems.

[Student#2], you will be the summarizer. It is your job to verbally
review the information presented over the sclentific method step:
*Making a_ Prediction® for [Student¥1]. Try to recall the objective for
this step and briefly summarize the information presented.

[Student#1], you will be the llstener. Listen carefully while
{Student#2] summarizes the information presented over the scientific
method step "Making a Prediction®. As [Student#2] summarizes, ask
questions about things you don't understand or things you don't agree
with...including errors or missing pieces of information.

Mitft  More Lesson #1 Review

[Student#1], now you will be the summarizer. It is your job to
verbally review the information presented over the scientific method
step: ° ~ for [Student#2]. Try to recall the
objective for this step and briefly summarize the information
presented.

[Student#2], you will be the listener. Listen carefully while
[Student#1] summarizes the information presentsd over the scientific
method step “Making a Prediction®. As [Student#!] summarizes, ask
questions about things you don‘t understand or things you don't agree
with...including errors or missing pieces of information.

i More Lesson #1 Review

Just one more small summary before you are presented with more
practice problems.

[Student#2], now you will be the summarizer. |t is your job to
verbally review the information presented over the scientific method

step: "Analyzing Data/Conclusion® for [Student#).

[Student#1], you will be the listener. Listen carefully while
[Student¥2) izes the Inf ion presented over the scientific
method step “Analyzing Data/Conclusion®.
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Lesson #1: Practice ltem 7

Click on the definition below that best defines the term experiment.

Testing a problem to determine the answer
. A guess at the answer to a problem
An Investigation to determine which observations lead to problems

A test on a hypothesis to determine il it might be true

Mt Lesson #1: Practice item 8

A farmer had a hypothesis that adding sugar to the water he gave his
tomato plants would help them grow bigger. He carried out an
experiment, and after 30 days the plants given the sugar water
averaged twelve inches taller than the plants given plain water. Click
on the statement balow that could be a conlcusion statement for this
experiment.

a. "The data indicate that sugar helped the tomato plants grow tailer.”
b. *"Based on the data, sugar helps tomato plants grow bigger.
¢. "Based on the data, my hypothesis is supported.”

d. *The data prove that sugar makes plants grow bigger.®

Jiif Lesson #1: Practice ltem 9

Click on the statement below that is an example of a prediction
statement.

a. I sugar is put in a plant's water, and plain water is given to another
plant, then the plant given the sugar in the water will grow bigger.

b. If sugar makes planis grow bigger, and some plants are given sugar
water while other planis are given plain water, then the plants given
sugar water will grow bigger.

c. Plants are living organisms, and they need energy to grow, so sugar
shouid help them grow bigger.

d. Putting sugar in a plant's water should help it grow bigger.
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Mitf  Practice Problem Score

[Student#1}
and
[Student#2]

Out of the nine practice problems so far, you have answered the

following number correctly:

This number represents the number of points you have both earned so
{ar.

Lesson #2

The Parts of a
Controlled Experiment

Mt  Lesson #2: Introduction

Well [Student#1] and [Student#2], now that you know the steps in the
scientific method, it's time to learn more about the most important
and complicated step in the process: the experiment!

Remember that an experiment is a test on a hypothesis to determine if
it might be true. But the only way an experiment can really test a
hypothesis is if it is a good and {air test.

Click the “next" arrow to participate in an “experiment® designed to
test a hypothesis about gollballs.
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Pl 4 Lesson #2: Introduction

Suppose you are a goller, and you observe that on hot days your ball
seems to travel much farther when you hit it.

You come up with the following three hypotheses:

1. The hotter air creates less friction for the ball to trave! through.
2. Your muscies work better when it is hot.

3. The hotter temperatures cause the rubber in the ball to be hotter,
making the bali more °springy® and causing it to travel farther.

You decide to perform an experiment to see it hypothesis #3 is correct.

Click the *next® arrow to see the prediction statement.

=4

Lesson #2: Introduction

If golfballs travel farther on hotter days because the rubber in the ball
is hotter, making the ball more “"springy* and causing it to travel
farther, snd one ball is heated while another is cooled before both are
hit with a goif club, then the hotter ball will travel farther.

To test your hypothesis, you dig around in your uncle's golf bag and find
two balls. You microwave one ball until it starts to smoke, and drop
the other ball into your friend's 48-ounce *SuperCola Freezee®. You and
your friend each grab a gol club and you tee off in the neighbor's yard.

Click the "next® arrow to view the results.

&

Mt  Lesson #2: Introduction

[Student#2], you pulled out an 5.iron and hit the cold ball. Click on the
cold ball below to see how far it flow.

{Student#1), you chose another golf club and hit the hot ball. You click
on this ball to see how far it fiew.
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Lesson #2: Introduction

Lesson #2: Introduction

S0 Yards

?5 Yards

Lesson #2: Introduction

Based on these results, could you say that the hypothesis “the hotter
temperatures cause the rubber in the ball to be hotter, making the ball
more *springy® and causing it to travel farther® is correct?

SO Yards

75 Yards
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Mt  Lesson #2: Introduction

It you think the goliball "experiment® proved that the a golibali's
temperature affects how far it goes...think againl There were many
other factors that might have caused the hotter ball to travel farther.

These include:

The balls may not have been the same brand

The clubs used may not have been the same

The Super-Cola Freezeo may have stuck to the colder ball

The person hitting the colder ball may have had less golf experience
The person hitting the hotter ball may have been stronger

&

M Lesson #2: Introduction

The only way you could prove that the temperature of a golball aflects
how far it travels when hit is if you were to keep everything exaclly
the same between the hot and cold balls except their temperature.

Many factors other than temperature could affect how far the balls
travel. Keeping these factors exactly the same for both the hot and
cold balls is called “controlling® them.

A good experiment that controls all these types of factors is
called....you guessed it....a controlled experiment.

&

Mt  Lesson #2: Introduction

In this lesson, you will learn about the different parts of a controlled
experiment. After learning the informalion presented in Lesson #2,
you should be able to do the following on a test:

» Identily the independent and dependent variables stated in given
hypotheses.

« Given an example of two set-ups for an experiment, identily the
control and variable groups.

* Given descripti of an experiment’s c { and variable groups,
identify the independent, dependent, and extransous variables.

€

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



107

Pl Lesson #2: Information

e Independent and Dependent Variables
e Extraneous Variables
e Contro! and Variable Groups

Lesson #2: Information

R ber that an { t is a test on a hypothesis to figure out if
it might be true.

P

A “controlled® experiment is an experiment that makes sure your
hypothesis is tested fairly. A good controlled expariment makes sure
that only one factor, or varlable, is tested in the experiment, and that
all the other factors, or varisbles, are the same between groups. This
is done in order to make sure that only the variable being tested
affects the factor, or variable, you will measurs.

As you can see, in order to understand the parts of a controlled
experiment, you must learn about the three types of varisbles present
in an experiment.

€ : =

At Lesson #2: Information

A variable is simply anything capable of being different, or
being changed.

The following represent variables present in the goliball example:

Type of club used « Distance the golfballs travel
Liquid that might be presen ¢ Temperalure of the balls

on the outside of the balls * Type of ball
Strength of the person hitting * Type of grass the balls were
Temperature of the air placed on as they were hitt

=
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Aitff  Lesson #2: Information

What were some of the variables present in the "grass under the tree®
experiment?

Lesson #2: Information

There are usually two diflerent kinds of variables stated in a
hypothesis.

The following hypotheses have the two variables underlined:
1. Musig has an effect on plant_growth.
2. The lemparature of a gofiball aflects how far it travels when hit.

3. The amouynt ot grass growing under the trees is ditferent because
they get different amounts _of suplight.

The two types of variables in each hypothesis are called the
ind Y (Y

pendent and the dependont

Lesson #2: Information

The INDEPENDENT VARIABLE is the pr d of ch
or sffect stated in the hypothesis. It is the experimental
variable that you would introduce and test in an experiment.

Two examples are given below:

Given the hypothesis "Music has an effect on plant growth®, the
independent variable would be the music (it presumably affects plant
growth).

Given the hypothesis “Eating more potato chips will increase math test

scores”, the amount ol notatg chipg would be the independent variable
(it presumably affects math test scores).

& 54
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Atk Lesson #2: Information

The DEPENDENT VARIABLE is the variable that depends on the
independent variable for change. It is the verisble you will
measure and record as resuits in an experiment.

Two examples are given below:

Given the hypothesis "Music has an effect on plant growth", the
dependent variable would be the plant growth because it is presumably
affected by the music.

Given the hypothesis "Eating more potato chips will increase math test

scores”, the math test scores would be the dependent variable because
these scores are presumably alfected by the ealing of potato chips.

& =

Aitf  Lesson #2: Information

[Student#1), explain to [Student#2] why the underlined variable in the
hypathesis balow is the independent variable, and the non-bolded
lable is the dependent variabl

[Student#2), listen carefully to {Student#1]. Be sure to ask questions
about things that are unclear or things you think are wrong.

Hypothesis: The ajze of the fishtank sffects how big the
goldfish will grow.

Click the “next® arrow to check your answers.

Mt  Lesson #2: Information

Hypothesis: The size of the {ishtank affects how big the
goldfish will arow.

The size of the fishlank is the independent variable because it does not
depend on how big the fish grow (unless it was made of rubberl), and
how big the goldfish grow is the dependent variable b it
presumably does depend on the size of the fish tank,
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At Lesson #2: Information

{Student#2], explain to [Student#1) why the underlined variable in the
hypothesis below is the independent variable, and the non-bolded
iable is the d dent variable.

1

[Student#1], listen carefully to [Student#2). Be sure to ask questions
about things that are unclear or things you think are wrong.

Hypothesis: The amount of cavities in a child's teth
depends on the brand of toothpaste used.

Click the “next" arrow to check your answers.

i Lesson #2: Information

Hypothesis: The amount of cavities in a child's teeth depends
on the brand of toothpaste used.

The amount of cavities is the dependent variable because it might
depend on the brand of toothpaste, and the brand of toothpaste is the
independent variable because it doesn't depend on the amount of
cavities.

<

i} Mid-Lesson #2 Review

Now is a good time for both of you to review the information presented
up to now belore you answer the next set of practice problems.

[Student#1], you will be the summarizer. It is your job to verbally

review the information presented over |ndepandent Yatlables for

{Student#2). Try to recall the objective for this variable and briefly
ize the information presented.

{Student#2], you will be the listener. Listen carefully while

d 1] ( the infor pl d over Independent
Variables. As [Student#1] summarizes, ask questions about things you
don't understand or things you don't agree with...including errors or
missing pleces of information.
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iy Mid-Lesson #2 Review

[Student#2), now it's your turn to be the summarizer. It is your job
to verbally review the information presented over i
for (Studeni#1]. Try to recall the objective for this variable and
brietly summarize the information presented.

[Student#t], you will be the listener. Listen carefully while
[Student¥#2] summarizes the information presented over Dependent
Variables. Don't forget to ask questions about things you don't
understand or things you don't agree with...including errors or missing
pieces of information.

Mt Lesson #2: Practice Item 10

Hypothesls: Wet halr causes colds.

Click on the variable below that represents the independent variable in
the stated hypothesis above.

a. Colds

b. Wet Hair

Mitt Lesson #2: Practice ltem 11

Hypothesis: How tall a girl grows depends on how tall her
mother grew.

Click on the variable below that represents the dependent variable in
the stated hypothesis ahove.
a. Height of girl

b. Height of girl's mother
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Alittt Lesson #2: Practice Item 12

Hypothesls: The color of light sffects how a plant will grow.

Click on the variable below that represents the {ndependent variable in
the stated hypothesis above.

a. Color of light

b. Plant growth

Mt  practice Problem Score

{Student#1]
and
[Student#2]

Out of the twelve practice probl €0 far, you have answered the
following number correctly:

This number represents the number of points you have both earned so
far.

Lesson #2 Continues.....
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Pl Lesson #2 Information

& independent and Dependent Variables
e Extraneous Variables
e Control and Variable Groups

i Lesson #2: Information

Now that you have pressnted with the two types of variables that are
stated in the hypothesis, its time to address the third type of variable:
the exiraneous variables.

Extranecus variables are those variables that might siso
cause the dependent varlsble to change, but you don't want
their effect to be mistaken for the Independent varlable.
These are the variables you would keep exactly the same
between experimental groups.

]

Pl Lesson #2: Information

It the golfball temperature experiment was carried out properly, the
following extraneous variables would have been exactly the same
between the cold and the hot golfballs:

Both balls hit with the same golt club

Both balls hit with the same force

Both balis hit from the same tee

Both balls’ surfaces cieaned

Both balis hit when the air temperature was the same
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iy Lesson #2: Information

¢ |ndependent and Dependent Variables
* Extraneous Variables
¢ Control and Variable Groups

Lesson #2: Information

Most lied experi in at feast two groups or "set-ups”.
There is usually ons “cortrol® group and one or more “variable® groups.

A control group is a set-up in an experimental design that contains
all the variables but not the independent variable.

A varisble group is set-up in an experimental design that contains
the exact same extraneous variables as in the control group but it also
ncludes the independ it

&

At  Lesson #2: Information

A good ple of a d experi containing one variable
group and a cantrol group is the following plant experiment.

Suppose that every time you tried to grow plants in your
room at home, they shriveled up and died within a week.
This bothered you because plants were usually your only
real friends. Now suppose you had an uncle who grew the
biggest, healthiest-looking houseplants you had ever seen.
You decided to visit him and figure out what he does
differontly. After spending a few afternoons watching
him work his plant magic, you were stumped. He seemed
to do evarything the same way you did. The only
difference being a liquid plant food he gave his plants
weeokly.
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Miff  Lesson #2: Information

Based on this information, you arrive at the following hypothesis about
the problem *Why do my uncle’s plants grow better than mine?":

Hypothesis: Plant food increases the growih of plante.

You create the following predicti t using this hypothesis,

It plant food increases the growth of plants, and | grow one plant with
plant food and one without, then the plant given the plant food will
grow more.

Using the "and” par of the prediction statement above, you design an
experiment to test your hypothesis.

€ =

Lesson #2: Information

This illustration shows the two set-ups in your experimant:

Set-up #1 Set-up #2

Mt  Lesson #2: Information

The following list represents most of the variables included in your
plant experiment:

-amount of plent food -type of plants
-emnount of water given -type of potling soll

to each plant -amount of light recelved
~temperature of sir by each plant

-amount of growth -emount of potting soil
each doy

Given the hypothesis *Plant food increases plant growth®, which of the
variables above would be the independent variable? Click on this
variable now.

a
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Lesson #2: Information

Set-up #{ would be the variable grbup becsuse it cantaing the
tndependent verieble (plant food).

Plant
Food

Set-up #1 Set-up #2

Lesson #2: Information

Set-up #2 would be the control group because it does not contain the
independent variable.

Set-up #1 Set-up #2

Mt  Lesson #2: Information

Usriable Sroup Control Group

Remember, in order to prove the hypothesis about plant food true, you
would have to make sure that you kept all the EXTRANEOUS VARIABLES
exactly the same between the variable and control group. Otherwise,
any difference in growth might be due to a variable other than the
plant food. Click the "next® arrow to see what happened after 10 days.

&
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Lesson #2: Information

Variable Group Control Group

Remember, in order to prove the hypothesis about plant food true, you
would have to make sure that you kept all the EXTRANEOUS VARIABLES
exaclly the same between the variable and control group. Otherwise,
any difference in growth might be due to a variable other than the
plant food. Click the *next® arrow to see what happened after 10 days.

=

Lesson #2: Information

Uariable Group Controt Group

The only way this data could prove the hypothesis true is if the
foliowing extraneous varlables are exactly the same for the variable
and control groups: type and amount of soil, type of pot, type of plant,
amount of light, temperature.

& =)

Mttt  Lesson #2: Information

Here is another ple of an experi with one variable and one

| group. Scientist Kevin d to find ouvl it drinking Uitra
Sugar-Aid would help the students in his P.E. class run better. He
always felt stronger after drinking a tall, cool glass of tropical punch
flavor, so his hypothesis was that drinking Ultra Sugar-Aid would
make students run the mile faster. To test this hypothesis he set up
the following experimenta! groups:

Control Group Variable 6roup

*10 students *Same 10 students
*Soeme food diet *Same food dlet

— for one week for one week
»1/2 gallon woter | *1/2 gallon Uitra Suger-fid

. . *Run mile at 4:30
Run mile at 4:30 the next week

*Record miie time Record mile time
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At Lesson #2: Information

The varlables for this experiment have been labeled:

Control Group Variable Group

Entraneous Uariable *10 students *Same 10 students

Extraneous Uariable *Same food diet =jome food djet
for one wesk §°" one wee
Ind dent Variable WP~ Ultre Sugsr-Aid In

L

Extraneous Uariable *1/2 gation water | «1/2 gellon water
Entraneous Uaﬂameqmun miie st 4:50 | “Run mlle at 4:30

the nent week

Dependent Uariable *Record mile time | *Record mile time

@

Alttf  Lesson #2: Information

Notice the variable group is the one that contains the independent
varioble (here the Ultre Sugar-Ald is dissolved in 1/2 galion of water).

Caontrol Group Lariable Sroup

Entraneous Usrisble *10 students «Same 10 students

Extraneous Uariable *Seme food diet *jame food djet
’ (o:'n:ne weake orone WUBL
Independent Variable «Ultra Sugar-Aid [}
Extraneous Uariable *1/2 gallon water | +1/2 galion water

- 5 *Run mile at 4:30
Exntroneous Variadle Run mile st 4:30 the neit ook

Dependent Uariable *Record mile time | *Record mile time

€

Attt Lesson #2: Information

Notice both groups contain the dependent varisble.

Varlable Group

Control Group

Eutraneous Uariable *10 students «Same 10 students

Entreneous Uariable *Same food diet ssame food dfet
for one week fﬂl’ one wee
Independent Variable

Ultro Sugor-Aid in
Extreneous Uariable *1/2 galion water | +1/2 gallon water
Entroeneous Varloble

*Run miie at 4:30 | “Aun mile at 4:30
Dependent Usariable

the nent week
~Recard mile time

«Record mile lime

&
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Atk Lesson #2: Information

Notice both groups contain the exsct same extraneous variables.

Control Group I Variable Group

Entraneous Uariable =10 students *Same 10 students

. i *Same food diet
Extraneous Variable Same food diet fome food dis

for one week

independent Usriable [
*1/2 gallon water § «1/2 gallon water

Extroneous Variable 1
Extroneous Uariable “Run mile at 4:30 | “Bun mile' at-1:30
the next week

Dependent Uariable «Record mile time | *Record mile time

At Lesson #2: Information

Before you answer more practice #roblems {or this lesson, it's time
for another example of identilying control and variable groups as weli
as the different types of variables within these experimental groups.

Attt  Lesson #2: Information

Suppose you wanted to test the hypothesis that Diet Cola caused
cancer in mice. You set up the following experimental groups:

Group One_ —6roup Two

10 mice 10 mice

3 02. mice food/day 3 0z. mice food/day
Room temperature Room temperature
20-golion cage 20-gellon cage

2 0z. woter/day 2 0z. Diet Cola/doy

Every 30 days record Every 30 days record
number of mice twith cancer number of mice with cancer

Click on the independent variable.
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At  Lesson #2: Information

Now that you have identilied the independent variable, it should be
oasy for you to identify which of the groups is the contro! group.

group gne

—firoup Jwo

10 mice

3 02. mice food/day
Room temperature
20-gallon cege

2 02. water/doy

Every 30 days record

number of mice with cancer

10 mice

3 0z. mice food/day
Room temperature
20-gallon cage

2 02. Diet Coln/day

Every 30 days record
number of mice with cancer

Click on the control group.

Lesson #2: Information

Both of these groups should have the dependent varlable. This is the

other variable stated in the hypothesis.

10 mice

3 0z. mice food/day
Room temperature
20-gation cage

2 0z. water/day

Every 30 days record

| ———loariable Group

10 mice

3 0z. mice food/day
Room temperature
20-galion cage

2 02, Dlet Cola/day

Every 30 doys record

number of mice with cancer

number of mice with cancer

Click on the dependent variable in wither group.

Lesson #2: Information

And of course, ail the other variables thet might affect the growth of
cencer in mice besides the drink are the extraneous variables, and
these are exactly the ssme betwean the two groups:

10 mice

5 0z. mice 1a0d/day
room temperature
20-gallon coge -

2 0z. waeter/day

Every 30 days record

number of mice with cancer

10 mice

3 0z. mice food/day
vroom temperature
20-gallon coage

2 02. Diet Cola/doy

Every 30 days record
aumber of mice with cancer
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i} More Lesson #2 Review

Once again it's time for both of you to review the information
presented before you answer the next set of practice problems.

[Student#2), you will be the summarizer. 1 is your job to verbally
review the information presented over for
[Student#1). Try to recall the objective for this and briefly summarize
the information presented.

[Student#1], you will be the list . Listen fully while
{Student#2) summarizes the information presented over Extraneous
Variables. As [Student#2] summarizes, ask questions about things you
don't understand or things you don't agree with...including ertors or
missing pieces of information,

At More Lesson #2 Review

[Student#1), now it's your turn to be the summarizer. h is your job
to verbally review the information presented over

for [Student#2]. Try to recall the objective for
this variable and briefly ize the informati d.

P

[Student#2), you will be the listener. Listen carefully while
[Student¥1] summarizes the information presented over ldentifying
Control and Variable Groups. Don't forget to ask questions about things
you don't understand or things you don't agree with...including errors or

g pi of inf 7

=

Mtk Lesson #2: Practice Item 13

You set up an experiment to test the hypothesis “The color of a
flower's petal affects how many insect are attracted to the flower.”
Your experiment contained the following two groups:

Group #1 Group _#2

20 clear plastic flowers 20 red, blue, and yellow
Placed outside plastic flowers
10:00 a.m. Placed outside
Observe for 30 minutes 10:00 a.m.
Record number of insects that Observe for 30 minutes

land on each flower Record number of insects that
land on each flower

Click on the group that represents the contipl group.
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Mt Lesson #2: Practice ltem 14

Click on the variable listed below that wouid be the
in an experimenta! set-up designed to test the hypothesis “The color of
a flowers petals affect how many insects ars attracted to it.".

a. 20 red, blue, and yellow plastic flowers

b. Placed outgide at 10:00 a.m.

c. Observe for 30 minutes

d. Number of insects that land on each flower

e. All of the above

At Lesson #2: Practice ltem 15

Click on the variable iisted below that would be the independent
yariable in an experimental sel-up designed to test the hypothesis
“The color of a flower's petals affect how many insects are atiracted
w0 "

a. 20 red, blue, and yellow plastic flowers

b. Placed outside at 10:00 a.m.

¢. Observe for 30 minutes

d. Number of insects that land on each flowsr

6. None of the above

Aitt Lesson #2: Practice Item 16

The following set-ups were developed for an experiment 1o test the
hypothesis *Waet hair causes colds.”

Group #1 —_Group #2
20 mice 20 mice
50 drops water on fur every day Dry fur
Mouse-Chow food Mouse-Chow food
Water to drink . Water to drink
10-Gallon Cage 10-Galion Cage
Room Temperature Room Temperature
Record number of mice Record the number of mice
with colds with colds

Click on an extraneous variable in the gopirol group.
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At Lesson #2: Practice ltem 17

The following set-ups were developed for an experiment to test the
hypothesis "Wet hair causes colds.”

£1 —Group #2

Group.
20 mice 20 mice
50 drops water on fur every day Ory fur
Mouse-Chow food . Mouse-Chow food
Water to drink Water to drink
10-Gallon Cage 10-Gallon Cage
Room Temperature Room Temperature
Record number of mice Record the number of mice
with colds with colds

Click on the dependent variable in the yariable group.

Miitf  Practice Problem Score

[Student#1]
and
[Student#2]

Out of the seventeen practice problems so far, you have answered the

following number correctly:

This number represents the number of points you have both earned so
far. .

Lesson #3

Designing Controlled Experiments

&
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Jtif  Lesson #3 Introduction

[Student#1) and [Student#2), now that you have learned about the steps
in the aclentitic method as well as the parts of a controlled
experiment, it is time for the final lesson: Designing Controlled
Experiments.

After completing this lesson, you should be able to design a simple
controlled experiment given a problem, hypothesis, and prediction
statement.

At Lesson #3 Information

Designing a simple controiled experiment can be broken down into the
following four steps:

Step One: ldentily the Independent and depend
Step Two: Determine the type of test to be performed.

Step Three: Determine st least three extranecous variables to
be controlled between experimental groups.

Stop Four: Describe the contro) snd all variable groups by
fisting and labeling all varisble types within each group.

€

Mitt  Lesson #3 Information

Step One:

Identify the independent and
dependent variables.
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Pt Lesson #3 Information

The first step in designing a controlled experiment is to identify the
independent and dependent variables stated in the problem or
hypothesis.

Suppose you noticed that the gokdfish in your local pet store aguarium
soemed to grow much bigger than your goldilsh at home. You aiso
noticed that the pet store always plays quiel, relaxing music
throughout the day.

Lesson #3 Information

You think about the problem *Why do the pet store goldiish seem to
grow much larger than mine?® and you come up with the following
hypothesis:

The pet store goldfish grow much bigger than mine because the guiet,
refaxing music slows down the fish, making them grow bigger and
{atter,

In other words: Quiet, relaxing music makes goldfish grow bigger.

Wi d Lesson #3 Information

The (irst step in the designing an experiment to test the hypothesis is
to identify the independent and dependent variables. This should be a
review for you since you covered this in the previous lessoni

Problem: Why do the pet store goidiish grow larger than mine?

Hypothesis: Quiet, rataxing music makes goidiish grow bigger.

The independent varlable would be the quiet, relaxing music, and the
dependent variable would be how big the fish grows.

&
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Pitiii Lesson #3 Information

Step Two:

Determine the type of test
to be performed.

Lesson #3 Information

Once you have identified the independent and dependent variables, the
next step in designing an experiment is to determine what type of test
will be performed on the hypothesis. Recall that the "and” par of the
predicti t briefly d ibes the type of test to be
performed.

Prediction statement:

It music makes fish grow bigger, and one goldfish Is placed in s
fish bowl in a silent room while snother is placed In a fish
bowl in s room where quiet, relaxing music is played, then the
tish in the music room should grow bigger than the fish in the silent
room.

&

Pl Lesson #3 Information

If music makes fish grow bigger, and one goldfish is placed in a
fish bowl in a silent room while snother Is placed in a fish
bowl in a room where qulet, relaxing music is plsyed, then the
fish in the music room should grow bigger than the fish in the silent
room.

From the information in the "and® portion of the prediction statement,
you know that your experiment will include two groups. Each group
will consist of one goldfish in a bowl. One group will ba in a silent
room. This is the control group because it does not inciude the
independent variable. The other group will be in a room with quiet,
relaxing music. This is the variable group because it does contain the
independent variable.

& =
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Atk Lesson #3 Information

St.ep Three:

Determine at least three
extraneous variables to be
controlled between
experimental groups.

Lesson #3 Information

So, now you know the independent and dependent variables along with a
brief description of the test or experiment. The next step is to
describe the extraneous variables that will be included in both the
control and variable groups. Recall that extraneous variables are those
variables that might affect the dependent variable...in this case the
growth of the goldfish, but you don‘'t want them to affect the two
groups differently. These are the variables you will keep exacily the
same between groups.

Share with each other some variables that might affect fish growth
besides music.

&

Pt § Lesson #3 Information

Hopefuily, you came up with some of the following variables:

Size of the fish bow! Amount of light
Temperature of the water Type of fish
Amount of food per day Age of fish
Type of food Sex of fish
Condition of the water
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Atk Lesson #3 Information

Hopelully, you came up with some of the following variables:

Size of the fish bow! Amount of light
Temperature of the water Type of figsh
Amount ot tood per day Age of fish
Type of food Sex of fish
Condition of the water

Lesson #3 Information

In this experiment example, the variables that will be controlied
include:

Siza of the tish bowl Type of fish
Temperature of the water Age of lish

Amount of food per day Sex of fish

Type of food

il Lesson #3 Information

Step Four:

Describe the control and all
variable groups by listing and
labeling all variable types
within each group.
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At Lesson #3 Information

The last step is simply listing and {absling everything you have done up
to now. I is helpful to draw a "T" chant like the one below 10 help you
organize all the information:

Contro! Group

Variable Group

Variable Type

1 Male Goldfish
60 Days Oid

5 Galion Bowl
75° Water

1 gram food/day
No Music

1 Male Goldfish
60 Days Old

6 Gallon Bow!
75° Water

1 gram food/day
Music

M e growth

Extraneous
Extraneous
Extraneous
Extraneous
Extraneous
Independent
Dependent

129

Lesson #3 Information

Yov know you have designed the experiment correctly if your *T* chart
includes the following:

« Variable group comntains the indepandent variable stated in the
hypothesis

* The dependent variable is the sama for both the contro!l and variable
groups, and it is stated or implied in the hypothesi:

« The groups match the type of test briefly described in the “and® part
of the prediction statement

* The main extraneous variables that migh have an eflect on the
dependent variable are listed, and they are the same for all
oxperimental groups

&

Lesson #3 Information

If the experiment is designed properly, any difference in fish growth
would be the result of the music, and nothing else.

€ontro! 6roup Uarlable Group

& =
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Lesson #3 Information

Controt Group Dariabie Group @

&

Lesson #3 Information

Before you some practice probl over this final lesson, you
will go through one more example of designing a controlled experiment.
Each of the four steps will be followed throughout the process.

Ihe Tire Experiment

Although your neighbors have the exact same type of car that your
family has, they claim to get much better gas mileage. Not wanting to
live with poorer perfor . you decide to inspect their car closely
to see if something is causing their car to work better.

Everything looks exactly the same except the tires on their car are a
little bigger.

3

S o)

€3

Atk Lesson #3 Information

Problem: Why does the neighbors car get better gas mileage?

Hypothesis: The neighbors car gets better mileage because the tires
are bigger. Bigger tires give you better gas mileage.

Prediction: If bigger tires give you better gas mileage, and you put
bigger tires on one car and normal size tires on another car, then the
car with the bigger tires will get better mileage.

Click on your family's car to give it bigger tires:

&

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



131

Lesson #3 Information

Problem: Why does the neighbors car get better gas mileage?

Hypothesis: The neighbors car gets better mileage because the tires
are bigger. Bigger tires give you better gas mileage.

Prediction: If bigger tires give you better gas mileage, and you put

bigger tires on one car and normal size tires on another car, then the
car with the bigger tires will get better mileage.

Click on your family’'s car to give it bigger tires:

'o3o]

&

Pliiid Lesson #3 Information

Step One: Determine the independent and dependent
variables.

Hypothesis: Bigger tires give you better gas mileage.

What is the independent variable in the hypothesis?  [Student#1],
answer in the box below. When you have finished typing your answer,
click on the "Click Mel" button.

( clickmer )

At Lesson #3 Information

Hypothesis: Bigger tires give you better gas mileage.

What is the dependent variable in the hypothesis?  [Student¥2],
answer in the box below. When you have finished typing your answer,
click on the “Ciick Me!” button.

( ciickmer )
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i} Lesson #3 Information

Step two involves determining the type of test to be performed.

Look at the prediction statement below. Determine the test to be
performed and type it into the box below the statement. Click on the
“Click mel® button when you have finished.

Pradiction: if bigger tires give you better gas mileage, and you put
bigger tires on one car and normal size tires on another car, then the
car with the bigger tires will get better mileage.

Lesson #3 Information

Step three in the experimental design process is determining at least
three extraneous variables to be controlled between experimental
groups. .

So, il you are going to have one car with bigger tires and one car with
smaller tires, what are some of the other things between the two cars
that might affect their gas milelage? These will be the variables kept
the same between the two cars duting the experimaent.

Discuss with your partner
at least three extranoous
variables before clicking
the "next* arrow.

i Lesson #3 Information

Did your list of extraneous variables include some of the following?

+ Type of car
* Type of gas used
* Person driving
* Road driven on
* Amount of miles already driven by the car

All these variables should be the same for both cars if the test is
going 1o be fair, because all of these variables could have an effect on
the gas mileage besides the size of the tires.
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Jikiii§ Lesson #3 Information

The final step involves listing and labeling all the variables to be
inciuded in the control and variable groups. Remember:

...in step one, you determined the the independant and depend
variables,

....in 8tep two, you determined the type of test,

....and i n step three, you determined the main extranaous variables.

&

Lesson #3 Information

On the next screen you will complete the fourth step for the tire
expariment.

Recall the problem: Why does the neighbor's car get better gas
mileage than your car?

And the Hypothesis: The neighbor's car gets beller gas mileage
because the tires sre bigger.

And the Prediction: {f the neighbor's car gets better gas
mileage because the tires sre bigger, and normal size tires
sre put on one car while biger tires are put on shother car,
then the car with the bigger tires will get better gas
milesge.

€

P Lesson #3 Information

Complete step four for the tire experiment by clicking on a box below
and typing in the appropriate variable or variable type. One variable
hag been filled in for you as an example.

Control Group variable Group verieble Type

1992 Buick Regal car 1802 Buick Regal car Extraneous

Click the "Next" arrow to check your answer.

=
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Pl Lesson #3 Information

Check your answer from the previ with the

Control Group

Variable Group

_Variable Type

1092 Buick Regal car

1992 Buick Regal cor

Extranecus

Same miles on car

Sanme miles on car

Extaneous

Drive on same street

Drive on same sireet

Same weather outsice

Same weather outside

Same drtver

Same driver

Drive at same speed

Drive st same speed

Normal size tres

o
Bigger tires

(Record miles per galion

Record mites per galion

Lesson #3 Review

Once again it's time for both of you to review some of the information
presented before you answer the next set of practice problems.

[Student#i], you will be the summarizer. It is your job to verbally

review for {Student#2) the information presented over the first three

steps involved in designing controlied experiments: |denlifying the _
g { 3 apIag pete g D8

Try to recall the
oblective for this area and briefly ize the informati
presented.

[Student#2], you will be the listener. Listen carefully while
[Student#1) izes the informatl As [Stud 1 izes,
ask questions about things you don't understand or things you don't
agree with...including errors or missing pieces of information,

&>

i Lesson #3 Review

[Student#2], now it is your tum to be the summarlzer. Summarize
for [Student#1] the inf ion pr d over the fourth step in
designing an experiment:

[Student#1], listen fully to [Student#2]. Be sure to comment on
any errore of missing information.

Click on the “Next* arrow when you are ready for the last set of
practice problems,
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At Lesson #3: Practice Item 18

Directions: A problam, hypothesis, and prediction statement are
described below. Read them carefully. On the next screen you will find
p to type iables and labels for an experiment you will desi

based on the prediction st

Problem: Why do rais living in cages and eating a diet of cheap,
generic rat food attack the other rats in the cage?

Hypothesis: Rats that do not eat enough vitamin K (not found in
cheap, generic rat food) become violent.

Prediction: I rats that do not eat enough vitamin K become violent,
and some rats are given food with vitamin K while other rats are given
tood without vitamin K, then The rats given the {cod with the vitamin
K will be less violent than the other rats.

=

At Lesson #3: Practice Item 18

Prediction: If rats that do not eat enough vitamin K become violent, and some rats are
given food with vitamin K while other rats are givon food withowt vitamin K, then The rats
given the food with the vitamin K will be less violant than thhe othwr rats,

Experimental Design:

Variable Type

Control Group Variable Group

Click Here to Check Answer

Mt Lesson #3: Practice ltem 19

Directions: A problem, hypothesis, and prediction staternent are
described below. Read them carefully. On the next screen you will find
spaces 1o type variables and labels for an experiment you will design
based on the prediction statement.

Problem: Why do most hot-air balloons fly in the winter instead of
the summer?

Hypothesis: The perature aff. how high a hot-air
balloon can travel.

Prediction: it the d P ttects how high a hot-air
balloon can travel, and some hot-air balloons are launched in cold
outside air while others are launched in hotter oulside air, then the
balloons from the two groups will not travel the same height.

&
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Mttt Lesson #3: Practice Item 19

Prediotion: If the cutside temperature affects how high a hot-air balioon can Yavel, and

some hot-air baloons are launched In cold outslde air while others are launched In hotter

outside alr, then the bakoons from the two groups will Nt travel the same height
Expetimental Design:

Variable Type

Control Group Variable Group

@ Click Here to Check Answer

Mt  Lesson #3 Practice Scores

Here are your reported ice probl #18 and #19
(worth § points each):

Score for Practice ltem 18: E
Score for Practice item 19: D

Click the "Next" arrow to view your final score for this entire program.

&

Mitt  Practice Problem Score

[Student#1)
and
[Student#2]

You both have earned the following number of points for participating
in this computer program (27 points possible):

Tomorrow you will individually take a written test over all the
material presented in this program.

Good Lucki!
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Practice Data

_ttern  Answer
2-10 a
2-11 a*
2-12 b
2-13| [ca* hem 18 Score: [3 ]
2-14|| d°*
215 a" hem 19 Score: Eg
2-18
2-17] | dv*

Lesson 3 Total
[Lesson 1 Totallf 5 | [Cesson 2 Toal][ 7 ] [ 7]

a® P i N

Py Lesson 1 Time Data

Instruction 1 Time: Practice 1 Time:
Instruction 2 Time: Practice 2 Time:
Lesson 1 Total:
Imeraction 1 Time:
Interaction 2 Time:
Interaction 3 Time:

Interaction 4 Time:

]

Attt Lesson 2 Time Data

Practice 1 Time:
practcn 2 T 783 ]

Lesson 2 Total:

=]

Instruction 1 Time:

Instruction 2 Time:

Interaction § Time:

Interaction 6 Time: 2851

Interaction 7 Time:

Interaction 8 Time:

&
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Atk Lesson 3 Time Data

Lesson 3 Total:

Interaction 9 Time:

Interaction 10 Time:

Total Program Time: E
Broup =

Menu

%o To Lesson 1R

60 To Lesson 18

60 To Lesson 2R

60 To Lesson 28

60 Yo Lesson 3
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Designing Controlled Experiments
Test

Answer all the test questions in the spaces provided on your answer sheet!

Label each of the following definitions (1-6) with the term Experiment, Problem,
Observation, or Hypothesis in the space provided on your answer sheet. If a
statement does not define any of these terms, write the word None.

1. A guess at the answer to a problem, usually based on many observations.

2. Anything you see, hear, smell, touch, or taste.

3. Trying to solve a problem to figure out the truth.

4. A question about one or more observations.

5. A test on a hypothesis to determine if it might be true.

6. A question about the answer to a hypothesis.

Label each of the following statements (7-15) as a hypothesis, conclusion,
observation, prediction, or problem. Record all answers on your answer sheet.
7. Girls do better on tests than the boys in my class.

'8. The girls do better on tests than the boys in my class because all the boys are
on the football team and they don't have time to do their homework.

9. If girls do better on math tests than boys because all the boys are on the
football team and they don't have time to do their homework, and a group of
boys and a group of girls are given the exact same amount of time to study, then
their math scores should be about the same.

10. Why do the girls do better on tests than the boys in my class?

11. Flower petals have strong odors to attract insects so that pollen will transfer
from one flower to another.

12. Based on the data, the hypothesis is not supported.
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13. Flower petals have strong odors to scare away those insects that want to eat
the entire plant.

14. Why do flower petals have strong odors?
15. If flower petals have strong odors to scare away those insects that want to

eat the entire plant, and the smell is removed from a group of flowers on a plant,
then the plant should show signs of being eaten by insects

Identify the independent and dependent variables underlined in the following
hypotheses (16-18). Each underlined variable is listed on the answer sheet. For
each hypothesis, write "L'V." next to the independent variable and "D.V." next to
the dependent variable on the answer sheet. ‘ :

16. The amount of pollution in the air affects the redness of a sunset.
17. The acceleration of a car is affected by which brand of gasoline is used.

18. A person's_age affects how well they can see.

Both of the following hypotheses (19-20) contain a clearly stated independent
variable. Identify the independent variable for each hypothesis and record it in
the space provided on the answer sheet.

19. Music has an effect on a plant’s growth.

20. The amount of salt in water affects how fast it freezes.

‘Both of the following hypotheses (21-22) contain a clearly stated dependent
variable. Identify the dependent variable for each hypothesis and record it in
the space provided on the answer sheet.

21. The size a goldfish grows is affected by the size of the bowl.

22. The amount of sleep the night before a test affects the score earned on the
test.
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23. Below are two set-ups for an experiment testing the hypothesis: "Smoking
causes cancer in rats." Write an "A" on the answer sheet if group A is the control
group, or write "B" on your answer sheet if group B is the control group.

Group A: 20 rats, sealed room, 2.0 gallons water per week, 3.0 pound rat
food per week, cigarette smoke

Group B: 20 rats, sealed room, 2.0 gallons water per week, 3.0 pounds rat
food per week, no cigarette smoke

24. Below are two set-ups for an experiment testing the hypothesis: "Dima-Peep
cold medicine prevents chickens from coughing.” Write an "A" on the answer
sheet if group A is the control group, or write "B" on your answer sheet if group
"B" is the control group. . ~

Group A: 10 male and 10 female chickens, 4.0 pounds chicken feed per week,
2.0 gallons water per day, 25 m X 25 m fenced yard

Group B: 10 male and 10 female chickens, 4.0 pounds chicken feed per week,
2.0 gallons water per day, 25 m X 25 m fenced yard, 10 drops Dima-
Peep cold medicine per chicken per day

25. Below is listed the control and variable groups for an experimental design
testing the hypothesis "Removing the outer husk on polished rice grains (rice
without outer husks) fed to chickens causes the chickens' muscle control to
become uncoordinated.” Label each variable in the variable group as an
independent variable (I.V.), dependent variable (D.V.), or extraneous variable
(E.V.). in the spaces provided on the answer sheet.

Control Group Variable Group
® 20 chickens e 20 chickens
* unpolished rice (rice with husks) e polished rice (rice with no husks)
* 5.0 liters water per day e 5.0 liters water per day
e 25m X 25 m fenced yard * 25m X 25 m fenced yard
* Record number of times chickens * Record number of times chickens
fall down fall down
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26. Below is listed the control and variable groups for an experimental design
testing the hypothesis "The temperature of a tennis ball affects how high it will
bounce.” Label the variables in the control and variable groups as an
independent variable (I.V.), dependent variable (D.V.), or extraneous variable
(E.V.). in the spaces provided on the answer sheet.

Control Group Variable Group
* One Penn tennis ball * One Penn tennis ball
* Unheated ball (80° F) * Ball heated to 140° F
* Dropped from 5 meters * Dropped from 5 meters
* Record height of first bounce * Record height of first bounce
* Drop 10 times * Drop 10 times

27. Listed below are a problem, hypothesis, and prediction statement about
goldfish growth. Design an experiment to test the hypothesis by listing and
labeling the variables to be present in the control and variable groups of your
experiment. Be sure to include at least 3 extraneous variables in your design.
Spaces to record your design are provided on the answer sheet.

Problem: Why are goldfish living in ponds usually much larger than goldfish
living in aquariums?

Hypothesis: Goldfish living in ponds are usually much larger than goldfish living
in aquariums because algae is floating around in pond water and the goldfish can
eat this along with other goldfish-type food.

Prediction: IF goldfish living in ponds are usually much larger than goldfish
living in aquariums because algae is floating around in pond water and the
goldfish can eat this along with other goldfish-type food, AND some goldfish are
raised in "clean" aquariums that have regular filtered goldfish water while other
goldfish are raised in aquariums that have algae present in the water, THEN the
goldfish in the algae aquariums should grow larger than the goldfish in the
“clean” aquariums.
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28. Listed below are a problem, hypothesis, and prediction statement about
math scores and potato chips. Design an experiment to test the hypothesis by
listing and labeling the variables to be present in the control and variable
groups of your experiment. Be sure to include at least 3 extraneous variables in
your design. Spaces to record your design are provided on the answer sheet.

Problem: Why do most large students do better on math tests than most skinny
students?

Hypothesis: Most large students do better on math tests than most skinny
students because large students eat more potato chips than skinny students
before a math test.

Prediction: TF most large students do better on math tests than most skinny
students because large students eat more potato chips than skinny students
before a math test, AND a group of large and skinny students are fed chips
before a math test and a different group of large and skinny students are not fed
chips THEN the students in the group fed the chips will do better on the math
test regardless of their size.
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Name: Group #:

Designing Controlled Experiments Test
Answer Sheet

1. 18. Age:
2. How well they can see:
3. 19. LV.
4, 20. 1.V.
5. 21. D.V.
6. 22. D.V.
7. 23.
24.
9 25.
Variable Group
10.
20 chickens
11.
polished rice (rice with no
12. husks)
-13. : 5.0 liters water per day
14. 25 m X 25 m fenced yard
15. Record number of times

chickens fall down
16. Amount of polution: __

Redness of a sunset:

17. Acceleration of a car:

Brand of gasoline:
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26.
Control Group Variable Group

One Penn tennis ball One Penn tennis ball
Unheated ball (80° F) Ball heated to 140° F
Dropped from 5 meters Dropped from 5 meters
Record height of first bounce Record height of first bounce
Drop 10 times Drop 10 times

27.

Control Group Variable Group Variable Type

28.

Control Group Variable Group Variable Type

Reproduced with
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Designing Controlled Experiments Posttest Answer Key
(point values for each question in parentheses)

1. Hypothesis (1) 18. Age: LV.
2. Observation (1) How well they can see: D.V.
3. None (1) (1 point for both correct)
4. Problem (1) 19. L.V. Music (1)
5. Experiment (1) 20. LV. Amount of salt (1)
6. None (1) 21. D.V. Size of goldfish (1)
7. Observation (1) 22. D.V. Score earned on test (1)
8. Hypothesis (1) 23. B (1)
9. Prediction (1) 24. _A (1)
10. Problem (1) 25.
Variable Group

11. Hypothesis (1)

E.V. 20 chickens
12. Conclusion (1)

LV. polished rice (rice with no

13. Hypothesis (1) | husks)

14. Problem (1) E.V. 5.0 liters water per day
'15. Prediction (1) E.V. 25m X 25 m fenced yard

16. Amount of polution: LV. __D.V. Record number of times

chickens fall down
Redness of a sunset: D.V.

(1 point for both correct) (1 point for all correct labels)
17. Acceleration of a car: D.V.
Brand of Gasoline: L.V,

(1 point for both correct)
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Control Group
__E.V. One Penn tennis ball
_ Unheated ball (80° F)
—_E.V. Dropped from 5 meters

D.V. Record height of first bounce

E.V. Drop 10 times

(1 point for all correct labels)

Variable Group
E.V. One Penn tennis ball

LY. Ball heated to 140° F

E.V. Dropped from 5 meters
D.V. Record height of first bounce

E.V. Drop 10 times
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27.
Control Group Variable Group Variable Types
Non-algae food Algae LV.
Measure fish size Measure fish size D.V.
3EV.

1 point for proper L.V. and D.V. for both labeled groups

1 point for 3 E.V. the same for both groups

28.
Control Group Variable Group Variable Types
"No Chips’ Chips : LV.
Record math test scores Record math test scores D.V.
3EV.

1 point for proper LV. and D.V. for both labeled groups

1 point for 3 E.V. the same for both groups
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Name:

Group #:

Attitude Survey

The following statements refer to your feelings about participating in the
computer program “Designing Controlled Experiments”. Circle the number
that best describes your level of agreement with each statement. Be as honest
and sincere as possible. Your responses will not be graded for points.

1 = Strongly Agree

2 = Agree

3 = Disagree

4 = Strongly Disagree

1. The computer program was interesting. 1 2 3
2. I tried hard to understand the information presented in 1 2 3
the computer program.

3. My partner tried hard to understand the information 1 2 3
presented in the program.

4. I concentrated on learning throughout the entire program. 1 2 3
5. My partner concentrated on learning throughout the 1 2 3
entire program.

6. The information presented in this program was easy to 1 2 3
understand.

7. 1 enjoyed working with a partner. 1 2 3
8. I am confident that I will do well on the final test. 1 2 3
9. I would like to learn more about designing experiments. 1 2 3
10. I would like to work with a partner again and do another 1 2 3

science lesson on the computer.
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INTERACTION OBSERVATIONS DATA SHEET

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



152

Interaction Observations Data Sheet

Group #: Version: C NC Group Type: LL HH LH
Week: 1 2 Day: 1 2 Hr::

Student #1: Sexx M F Level: L H
Student #2: Sexx M F Levelk L H
Interaction Measure Student #1 Student #2

Summarized during interaction
screens

Explained during interaction
screens

Identified errors or missing
pieces of information during
interaction screens,

Asked for clarification,
explanations, or other help
during interaction screens

Gave solicited clarification,
explanations, or other help
during interaction screens

‘Gave unsolicited help during
interaction screens

Checked for partner's
understanding during
interaction screens

Encouraged partner during
interaction screens

Off-task during interaction
screens
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