
www.manaraa.com

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order.

U niversity Microfilms In ternational 
A Bell & Howell Inform ation C o m p an y  

3 0 0  N orth Z e e b  R oad . A nn Arbor, Ml 4 8106-1346  USA 
3 1 3 /7 6 1 -4 7 0 0  800 /521-0600

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



www.manaraa.comReproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

O rd e r N u m b e r  9500740

T he effects o f cued interaction and ability grouping during  
cooperative com puter-based science instruction

Sherman, Gregory Patrick, Ph.D.

Arizona State University, 1994

U M I
300 N. Zeeb Rd.
Ann Arbor, MI 48106

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



www.manaraa.comReproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

THE EFFECTS OF CUED INTERACTION AND ABILITY GROUPING DURING 

COOPERATIVE COMPUTER-BASED SCIENCE INSTRUCTION

by

Gregory P. Sherman

A Dissertation Presented in Partial Fulfillment 
of the Requirements for the Degree 

Doctor of Philosophy

ARIZONA STATE UNIVERSITY 

August 1994

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



www.manaraa.com

THE EFFECTS OF CUED INTERACTION AND ABILITY GROUPING DURING 

COOPERATIVE COMPUTER-BASED SCIENCE INSTRUCTION

by

Gregory P. Sherman

has been approved 

July 1994

APPROVED:

.Chairperson

Supervisory Committee

ACCEPTED:

Division Director

Dean, Graduate College

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



www.manaraa.com

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 

partners 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

iii
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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.
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CHAPTER I 

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 m ust 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 problems. 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

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



www.manaraa.com

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).

Individual accountability refers to the condition that students are 

ultimately responsible for individually learning all the material even though they 

will be working in groups. Strategies such as individual testing m ust 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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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 /o r 

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 

accomplished by maintaining group sizes between two and 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 m ust 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. It is 

important 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 leaming-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, Temiyakam, & 

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, & Voder, 1992; Trowbridge & Dumin, 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 interaction 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 leaming-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 leam less from a cooperative lesson. Similarly, King (1989) 

examined why some cooperative groups were more successful than others a t 

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 

instructed 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
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material. One student was assigned the role of summarizes 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 m ay 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 m ay 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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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 w ith 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 low-ability groups.

Although the results on ability grouping are mixed, it seems 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 leaming-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-ability) 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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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 leaming-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 leaming-CBI program?
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CHAPTER n  

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.

Materials

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, (c) 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 

program.

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 vise 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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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. Sue 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 following 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 points 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 take 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) 

included explicit group member interaction cues embedded throughout 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 spedfic directions for carrying out these roles. Figure 1 illustrates 

the differences 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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l i P l  Mid-Lesson Review
Now l< a  good tlm a fo r  both o f  you to  rev iew  tha  Inform ation p ra sen tad  
up to  now  b a fo ra  you anaw ar tha  f i r s t  s a t  o f  p rac tlca  problem s.

S tu d e n t ' I , you w ill be the s u m m a r iz e r .  I t  Is your job to  verbolly  
rav low  th a  In fo rm ation  p rasan ted  over tha  s d a n t l f  Ic m ethod s tep : 
"floklno O b se rv a tio n s ' fo r S tu d e n t '2 .  Try to  rec a ll tha o b je c tiv e  fo r 
th is  s te p  and b r ie fly  sum m arize tha Inform ation prasentad .

S tu d a n t» 2 , you w ill be tha l i s t e n e r .  L isten  carefu lly  w h ile  S tu d e n t '1 
su m m arizes  th a  Inform ation p resen ted  over the  s c ie n tif ic  m ethod s tep  
"Making O bservation*. As S tu d e n t ' I sum m arizes, ask q uestions  about 
th in g s  you d o n 't understand o r  things you don 't agree w lth...lncludlng 
e r ro rs  o r  m iss in g  p laces of Inform ation.

Summary screen: Cued Version

Mid-Lesson Review

Now I s  a  good t im e  fo r  both o f  you to  rev iew  the  Inform ation  p resen ted  
up to  now b e fo re  you answ er th e  f i r s t  s e t  o f p rac tice  problems.

Review  th e  In fo rm ation  p resen ted  over tha s c ie n tif ic  m ethod s tep : 
"Maklno O bservations".

■Remember, ‘rev iew " means try in g  to  reca ll th e  objective fo r  th is  s tep  
end b r ie f ly  sum m arizing  the in fo rm ation  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 prom pted 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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jptt Lesson #  t : Observations

ls tu d o n t '2 ) ,  explain  to  I S tu d e n t 'l ]  why e ta te m e n t * I be low  i t  en 
•xam ple of an observation , but t te ta m a n t  * 2  I t  n o t.

[ S tu d e n t 'l l ,  l i s t e n  ca re fu lly  to  (S tu d e n t '2 l  and a s k  q u e s tio n s  abo u t 
th ings  you don 't understand o r  th in g s  you don 't a g re e  w ith  (Includ ing  
e r ro rs  o r  m iss in g  p ieces o f Inform ation).

S t a t e m e n t  * 1 :  "The e d g e s  o f  t h a  l e a f  f e e l  s m o o th .*

S t a t s m s n t  “2: "I f e e l  s o r ry  f o r  f r e s h m e n ,  t h e y 'r e  e l l  t o  ug ly .*

Explanation screen: Cued Version

jjjffi Lesson #  1: Observations

Why Is  s ta te m e n t ' I  below  an exam ple o f  en  o b se rv a tio n , b u t 
s ta te m e n t * 2  Is  n o t?

S ta t e m e n t  ' I :  *The e d g e s  o f  t h e  l e a f  f e e l  sm o o th .*

S ta t e m e n t  ' 2 :  *1 f e e l  s o r r y  f o r  f r e s h m e n , t h e y 'r e  a l l  s o  ug ly .*

Explanation screen: Noncued Version

sb■ B

5b

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 complete the program. Each dyad was given the first class period to complete 

the introduction and Lesson One, another dass period on the second day to 

complete Lesson Two, and one final dass 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 sdence 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 a t 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 

recorder. These videotaped dyads were informed that their sdence 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 

induded 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 

learned from the program. The application items represented'performances 

requiring the learner to apply rules to identify instances of concepts or to solve 

problems (see Gagn£, 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 attitude 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 

tabulated from the videotaped observations. These observations were m ade 

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 solidted and unsolidted help, checking for understanding, and offering 

verbal encouragement. In addition, any inddents of students being off-task 

during the interaction screens were recorded. Off-task behavior induded 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 (MANOVA) 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.

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



www.manaraa.com

25

The observation data on group member interaction were analyzed using chi- 

square tests of significance for totcil cued behaviors, total helping behaviors, and 

total off-task behaviors.
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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) dyads, 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(l/ 225) = 12.97, < -001. ANOVA also indicated a 

significant performance difference between subjects in the three ability 

groupings, F(2,225) = 45.92, g  < .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 LH HH Totala

Cued 16.83 19.79 25.29 20.63
(4.92) (6.24) (5.54) (6.56)

3 II s

00toII£ n = 38 n = 116

Noncued 14.08 17.51 22.51 18.03
(3.84) (6.40) (5.44) (6.33)

n = 37 n = 41

COII£ 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 

significantly better on the posttest (M = 16.49, £D = 4.83) than lower-ability 

students who used the noncued version (M = 14.05, SD = 3.84), F(l,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

Version

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 21.20 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)tNIDII£ 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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Table5

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 50.75 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), £0/110) = 5.90, £  < .05. ANOVA did not reveal 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 (SD = 5.17) for 

partners 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 

(SD = 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 

performance scores of the three different ability groups was between the mixed- 

ability dyads and the higher-ability (£ < .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

Version LL

Ability Grouping 

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 4.81 6.28
(4.72) (5.47) (4.61) (5.11)
n = 37

OOCOIIa 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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Table 7

ANOVA Summary Table for Differences in Posttest Scores Between 

Dvad Members

Source SS DF MS F-Ratio P

Version 27.47 1 27.47 1.10 .296

Ability
Grouping 221.50 2 110.75 4.45 .014

Version by
Ability
Grouping 9.89 2 4.93 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
(0.77)

2.26
(0.71)

2.24
(0.74)

2. I tried hard to understand the information 
presented in the computer program.

1.95
(0.68)

1.83
(0.69)

1.89
(0.69)

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

2.10
(0.87)

2.03
(0.88)

2.06
(0.87)

4. I concentrated on learning throughout the 
entire program.

2.14
(0.73)

2.00
(0.75)

2.07
(0.74)

5. My partner concentrated on learning 
throughout the entire program.

2.10
(0.75)

2.11
(0.82)

2.10
(0.78)

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

2.28
(0.78)

2.36
(0.85)

2.32
(0.82)

7. I enjoyed working with a partner. 1.91
(0.97)

1.85
(0.93)

1.88
(0.95)

8. I am confident that I will do well on the 
final test.

2.22
(0.71)

2.29
(0.87)

2.25
(0.79)

9. I would like to learn more about designing 
experiments.

2.44
(0.82)

2.65
(0.74)

2.54
(0.79)

10. I would like to work with a partner again 
and do another science lesson on the 
computer.

1.82
(0.88)

1.90
(0.93)

1.86
(0.91)

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 sdence 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, g  > -05, or ability grouping, F(20,428) = 1.34, g  > .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(l, 106) = 

6.50, g  < .01. ANOVA also indicated a significant effect due to ability grouping, 

F(2,106)=24.59, g  < .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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(g < .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 50.7 minutes, 6.7 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.
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Table 9

Means and Standard Deviations for Practice Performance by 

Version and Ability Grouping

Version LL

Ability Grouping 

LH HH Total

14.85 19.33 20.89 18.36
Cued (5.14) (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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Table 10

ANOVA Summary Table for Practice Performance

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

Version
Type of 
Screens LL

Ability Grouping 

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 24.4

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

Interaction 6.2 6.7 6.7 6.5

Practice 21.6 25.6 25.0 24.1

Total 81.4 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,

F(l, 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), F(l/ 99) = 24.70, p  < .001.

Univariate tests also revealed significant differences between the three 

different ability groups in time spent on the instruction screens, F(2, 99) = 3.20, 

p < .05, and practice screens, F(2,99) = 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 dyads 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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Table 12

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 dyads 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, (1, N  = 72) = 22.4, g  < .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 version 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 
understanding

7 2

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. These data reveal that subjects in dyads who used 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 leaming-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.

Results for performance indicated that students who used the cued 

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. It is 

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 cooperative dyads not 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 (Gagn6,1985; Hunter, 1982). Although all
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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 

program 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 (1971), 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 classified as lower-ability while others, with only slightly higher ITBS 

scores, were classified as higher-ability. It is possible 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 were more responsible for answering the practice problems than their 

lower-ability partners.

The time data for the three different ability groups also indicate some 

typical 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 likely 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. W hat 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 

cooperative 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 partner 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'Donnell, Dansereau, Hall, & Rocklin, 1987; O'Donnell, 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; Slavin, 1983).

The current 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. It is 

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 

possible way to develop CBI programs for individuals 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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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. (Lesson 2)

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."

Statem ent #2: "I fee l sorry for freshmen, they're all so ugly."

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 fee l sm ooth.”

Statem ent #2: "I feel sorry for freshmen, they'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#-!, you will be the su m m arizer. 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 lis tener. Listen carefully while Student#-! 
summarizes the information presented over the scientific method step 
"Making Observation". 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.

!t 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.
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Mid-Lesson #1 Review

[Student#2], now you will be the su m m arizer. It is your job to 
verbally review the information presented over the scientific method 
step: "Identifying a Problem" for [Student#-!]. Try to recall the 
objective for this step and briefly summarize the information 
presented.

[Student#-!], 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.

Mid-Lesson #1 Review

Review the information presented over the scientific method step: 
"Identifying a Problem".

’ Remember, "review" means trying to recall the objective for this step 
and briefly summarizing the information presented.
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Mid-Lesson #1 Review

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

[Student#-!], now you will be the su m m arizer. 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 lis ten e r. Listen carefully while 
[Student#-!] 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 a Hypothesis".
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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#-!] 
and remember to ask questions about things you don't understand or 
things you don't agree with.

"I predict that the earth is round because if I fly an airplane in a 
straight line long enough I will end up where I started."

Lesson #1: Prediction

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

"I predict that the earth is round because if I fly an airplane' in a 
straight line long enough I will end up where I started."
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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 sum m arizer. It is your job to verbally 
review the information presented over the scientific method step: 
"Making a Prediction" for [Student#-!]. Try to recall the objective for 
this step and briefly summarize the information presented.

[Student#-!], 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 a Prediction".

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

[NC*

with permission of the copyright owner Further reproduction prohibited without permission



www.manaraa.com

More Lesson #1 Review

[Student#1], now you will be the sum m arizer. 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#-!] summarizes the information presented 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.

More Lesson #1 Review

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

"Remember, "review" means trying to recall the objective for this step 
and briefly summarizing the information presented.
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More Lesson #1 Review

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

[Student#2], now you will be the sum m arizer. It 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] 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 problems.

Review the information presented over the scientific method step: 
“Analyzing Data/Conclusion".
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Lesson #2: Information
Mt—

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

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

Hypothesis: The size 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?

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

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

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

[Student#-!], 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.

t
Lesson #2: Information

*smm

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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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#-!], you will be the su m m arizes  It is your job to verbally 
review the information presented over Independent 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#-!] summarizes the information presented over Independent 
Variables. 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.

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 Independent Variables.

*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 su m m arize r. It is your job 
to verbally review the information presented over Dependent Variables 
for [Student#-!]. Try to recall the objective for this variable and 
briefly summarize the information presented.

[Student#-!], 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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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 sum m arizer. It is your job to verbally 
review the information presented over Extraneous Variables for 
[Student#-!]. Try to recall the objective for this and briefly summarize 
the information presented.

[Student#-!], 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.

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 Variables.

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

.......................
More Lesson #2 Review

b s m ib b s s b
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[Student#1], now it's your turn to be the su m m arizer. It is your job 
to verbally review the information presented over Identifying Control 
and Variable Groups 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#-!] summarizes the information presented over Identifying 
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 Identifying Control and 
Variable Groups.

‘ Remember, "review” means trying to recall the objective for these 
groups and briefly summarizing the information presented.

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



www.manaraa.com

77

Once aga 
presented

review
steps

objective
presented

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 sum m arizer. It is your job to verbally 
review for [Student#2] the information presented over the first three 
steps involved in designing controlled experiments: Identifying the 
Independent and Dependent Variables. Determining the Type of Test, 
and Determining Three Extraneous Variables. Try to recall the 
objective for this area and briefly summarize the information 
presented.

[Student#2], you will be the lis ten er. Listen carefully while 
[Student#-!] summarizes the information. 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.

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

eview the information- presented over the first three steps involved 
designing controlled experiments: Identifying the Independent and 

eoendent Variables. Determining the Type of Test, and Determining 
iree Extraneous Variables.

lemember, "review" means trying to recall the objective for these 
eps and briefly summarizing the information presented.

JP p m
Lesson #3 Review
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Lesson #3 Review

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

[Student#*!], 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.

11 Lesson #3 Review

Review the information presented over the fourth step in designing an 
experiment: Describe and Label All Variables in the Control and 
Variable Groups.

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

Welcome
[Student#1]

and
[Student#2]

Working together, you will both use this computer program to learn 
som e 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 e Controlled Experiment

Lesson 3: How to Design •  Controlled Experiment

studentt, click on the anexta button below to continue.
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How to Use This Program nn
As you have probably figured out by now, the computer will direct both 
of you to share the mouse and Keyboard a t different 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 le Important to follow all directions carefully and ahare 
the computer when directed.

[Student#2], click the anexta button below to continue.

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 decide who will use the 
mouse or type information. For example, the arrow in the lower left 
corner of this screen is a  ago 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 a re  currently viewing. Using 
this button will allow you to go back and review information if needed, 
but the computer will never direct 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. Onty use this 
button when it is time to quit for the day.

Try clicking one of these two buttons now.

Grading

You will both earn two grades lor learning the Information presented in 
this computer program:

G r.d e  #1: P rec tlce  P roblem  Score

One grade will be the score bo th  ol you earn together on the practice 
problems presented in this program.

G r.d e  *2: W ritten T est S co re

The other grade will be an individual grade based  on how well each of 
you perform by you rse lves on a  written test over the material 
presented in this computer program. Thi6 test will be given on the day 
following your completion of this computer program.
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'H j P I  Grading [""

The practice problems will be  given after a  section ol Information and 
examples have been presented. The overall score you both receive tor 
completing this computer program depends on how well you do on the 
practice problems.

Remember, you will also have to take a  written test over the material 
individually at the end ol the program, so it Is best H you each try to 
figure out the correct answer to the practice problems before you 
decide on a  team  answer. You will be notified when the practice 
problems will be  coming up, and  it is a  good idea to review and discuss 

H the information before you try and answer these problems.

[Studentfft], click the 'next' button below to continue.

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:

Sum m arlzer: Verbally summarize some information for your partner.

Explainer: Verbally explain examples lor your partner.

L istener: 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 errors or missing 

pieces of information).

Getting Started

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

This computer program begins with an overview of the steps most 
scientists take a s  they try to solve problems. Lesson *1 introduces 
the steps In the scientific method.

Have funl
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Lesson #1 
The Setentifte Method

Lesson #1 Introduction

Carefully examine the picture of the two trees below.

■ r ^ ' J C ' k .

What differences do you notice between the two trees?

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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Lesson #1 Introduction

Perhaps the  tree without the grass growing directfy 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 to 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 fruit, 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.

Lesson #1 Introduction

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

Lesson #1 Introduction — n

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 Three: Choosing a Hypothesis 
Step Four: Making a Prediction 

Step Five: Designing a Controlled Experiment 
Step Six: Analyzing the Dsta/Conctusion

__________________________________________ e5>
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i j f f i  Lesson #1 Introduction n
By examining the picture of the two trees, you are making 
observations.

By asking the question aWhy is the grass growing dftlerentty 
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 experim ent to determine if your hypothesis 
Is right or wrong.

____________________  s*>

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

• Identify the definitions of the following terms:
Observation, Problem, Hypothesis, Experiment

• Given a  list of statements. Identify each as either an 
observation, a problem , a h y p o th esis , a  prediction , or a 
conclusion  statement.

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

■$§___________________________________g>

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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Lesson #1: Observations

The first Step in the scientific method is making observations.

An observation Is anything you i 
hear, smell, touch, or tests.

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.

Lesson #1: Observations

The following are examples of statem ents representing observations:

The sky looks blue.
A frog's skin feels damp and bumpy.
Birds have feathers.
Many motorcycle policem en have m ustaches. 
The bell fell to the ground when dropped. 
The temperature of the air Is 78°.
Lemons taste  sour.
The teacher Is frowning.
The firecracker made a loud bang.

Lesson #1: Observations

[Student#2], explain to [Student#!] 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 ed g es  of the leaf feel sm ooth.”

Statem ent #2: *1 fe e l  sorry for freshmen, they're all so  ugly.'
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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

Lesson #1: Problem

The second step In the scientific method is identltvlno e  pmhlam.

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 observations you make are called 
PROBLEMS. In this example, "Why do redheads seem  to do better in 
school?’ would be the problem.

Lesson #1: Problem

The following are statements representing examples of problems:

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 baseball will travel when hit?

Does the amount of humidity in the air affect the curl o f my hair?

Notice that these statements are, in fact, questions (they all end with 
a question mark).
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Lesson #1: Hypothesis

Step One: Making Observations 
S tep Two: Identifying a Problem 
S tep  Three: Choosing a Hypothesis 
S tep  Four Making a Prediction 
S tep Five: Designing an Experiment 
S tep Six: Analyzing Data/Conclusion

Lesson #1: Hypothesis zn
The third step in the scientific method is choosing a hypothesis

A hypothesis is  a guess s t the answer to s  
problem, ususlly 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 ail 
these hypotheses again:

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 to a  trail

*  jjflffi Lesson #1: Hypothesis

The following statements a re  examples of hypotheses. Notice that 
they all restate a  problem and include a  guess a t the answer.

The grass grow s differently under the two trees because one 
tree g e ts  m ore water.

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

Heavlor objects fall at the sam e speed as lighter objects 
because the force of gravity pulling them down (a the same.
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jp flt  Mid-Lesson #1  Review I

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*!], you will be the sum m erlzer. It is  your job to verbally 
review the information presented over the scientific method step: 
•Maklno Observations'  for [Student#2]. Try to recall the objective for 
this step and briefly summarize the Information presented.

[Student*2], you will be the lis tener. Listen carefully while 
[Student*!] 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...lnduding errors or missing pieces of Information.

Mid-Lesson #1 Review

[Sludent#2], now you will be  the sum m erlzer. It is your job to 
verbally review the information presented over th e  scientific method 
step: 'Identifying a  Problem' for [Student*)]. Try to recall the 
objective for this step  and briefly summarize the information 
presented.

[Student#!], you will be the lis tener. 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.

Mid-Lesson #1 Review

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

[StudentJH], now you will be  the sum m erlzer. 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 lis tener. Listen carefully while 
[Student*!] summarizes the information presented over the scientific 
method step 'Choosing a  Hypothesis*.
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Lesson #1: Practice Item 1

Scientist Kevin wants to know if music affects the way a  plant grows. 
He buys a  houseplant and places H next to a  radio. .He plays the radio 
all day and all night for two months. Click on the statem ent below 
that describes an observation  Kevin might make about plant growth.

a. The plant is healthy.

b. Why Is the plant not growing?

c. The plant is not growing because it doesn't like 
the music. 4  %

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

Lesson #1: Practice Item 2

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

a . A question you have about one or more observations

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

c. A question you have about a  hypothesis

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

j p f t  Lesson #1: Practice Item 3

Scientist Kevin was having trouble getting a date for th e  prom. This 
was unusual because for the fast 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 th e  statement 
below that best represents a h y p o th e sis  about Kevin's dating problem.

a. What is causing Kevin's dating problem?

b. Kevin is having trouble getting a  date.

c. Kevin's dating problems are due to his nevv 
haircut.

d. Many students are laughing at Kevin's new 
haircut.
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Lesson #1: Practice Item 4

Click on the statement below that best defines the word h y p o th esis .

a. A test carried out to determine the answer to a  problem

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

c. A question you have about one or more observations

d. A guess at the meaning of observations

Lesson #1: Practice Item 5

Kevin the scientist was flipping through the last t2  months of 
newspapers just tor tun 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.

a. The moon affects temperature.

b. Does a  full moon cause temperatures to rise?

c. The moon causes the weather to change.

d. If the moon Is a sliver, will the temperatures 
go down?
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Lesson #1: Practice Item 6

Click on the statement below that best defines o b se rv a tio n .

a. A guess at the answer to a  problem

b. Questions you have about things you do with your five senses

c. Anything you see

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

Practice Problem Score

[StudentfM]
and

[S tudent#2]

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

CD
This number represents the number of points you have earned so far.
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Lesson #1: Prediction

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

Lesson #1: Prediction

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

Pert One: This part begins with the word alfa followed by a  
restatement of the hypothesis.

Part Two: This part begins with the word aA nda followed by a 
brief description of a  test on the hypothesis.

Part Three: This part begins with the word T h e i r  followed by 
a  statement descrfeing what should happen in the 
test if the hypothesis is, In fact, true.

Lesson #1: Prediction

Here is an example of a  prediction statement using a  hypothesis from 
the tree and grass problem:

♦  #
If more grass grows under one tree because fewer people sit under 
this tree, and  a  fence is put up around both trees, th e n  the grass 
should grow the same under both trees.

Notice that all three parts of the prediction statement are included. 
The alfa is followed by a restatement of the hypothesis, the ’an d ' 
describes a  test, and the Ih e n ' describes what should happen in the 
test if the hypothesis is true.
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Lesson #1: Prediction

Here is another example of a  prediction statement:

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

\
Mo* starts, Krriftl

Lesson #1: Prediction

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

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

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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Lesson #1: Experiment

Step five In the scientific method is designing an experiment to 
determine if the hypothesis might be true.

An experiment (e a  teat on a hypotheals 
to determine if It might b e  true.

The aanda portion of the prediction statement gives a  simple 
description of the type of experiment used to test the hypothesis. For 
example, in the prediction ”11 more grass grows under one tree because 
fewer people sit under this tree, and e  fence ie put up around both 
trees, then the grass should grow the same under both tre e s a 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.

4*3___________________________________6“>

Lesson #1: Conclusion

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

5»>

Lesson #1: Conclusion

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

The first part is data analysis. In determining whether or not the 
hypothesis is supported based on the data (information) collected In an 
experiment, it is often necessary to graph the recorded data.
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Lesson #1: Conclusion =n
Imagine you performed an experiment to test the hypothesis that music 
makes plants grow better. You performed an experlmem which 
Included a  plant grown In a  room with music and a  plant grown In a 
room without music. You recorded the following Information over ten 
days:

Grourth o f plant w ith music Growth o f  plont w ithout music
toy 1-Smm toy 6 - 4mm toy t-?Rvn toyS-3m m
D*y 2 - 4mm toy 7 - 3mm toy 2 -  2mm toy 7* 2mm
D*y 5- 3mm toy 0- 3mm toy 3 - 9mm toy O- Imm
D«y 4 - 3mm toy 9- 4frm 0«y 4 -  2mm toy * -  5mm
toy 5 - 4mm toy 10- 4mm toy 9 - 2mm toy 10- 1mm

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.

4̂ 3 _________________________________________

Lesson #1: Conclusion n
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.

50 +

Total
Plant
Growth
(mm)

1 0 . .

Days

Lesson #1: Conclusion n
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 supported/not 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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JPfit Lesson #1: Conclusion

To illustrate how a conclusion statement Is determined, an example ol 
a  simple experiment is needed.

In the tree and grass example, a  hypothesis lor 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:

If more grass grows under one tree because fewer people sit under 
this tree, and  a  fence Is put up around both trees, th en  the grass 
should grow the same under both trees.'

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.

Click the 'next* arrow to carry out a  simple experiment 
by building a fence around the trees.

Lesson #1: Conclusion
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Lesson #1: Conclusion

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
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I j f f f i  Lesson #1: Conclusion

Lesson #1: Conclusion

Observe the grass growing under both trees) Click the 'next* arrow to 
see  how this data matches the prediction.

Lesson #1: Conclusion

Recall the prediction statement: If mors 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.

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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JPffl More Lesson #1 Review I""

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.

[Studsnt#2], you will be the sum m erlzer. it is your job to verbally 
review the information presented over the scientific method step: 
"Making a  _ Prediction" for (Studentil]. 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 dont agree 
with...including errors or missing pieces of information.

Jfffi More Lesson #1 Review

[Student#1], now you will be  the sum m erlzer. It is your job to 
verbally review the information presented over the scientific method 
6tep: "Designing an Experiment" 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 [Studentft] 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

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

[Student#2], now you will be  the sum m erlzer. It Is your job to 
verbally review the information presented over the scientific method

[Student#1], you will be the  listener. Listen carefully while 
[Student#2] summarizes the  information presented over the scientific 
method step "Analyzing Data/Conclusion".
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Lesson #1: Practice Item 7

Click on the definition below that best defines the term ex p erim en t.

a. Testing a  problem to determine the answer

b. A guess at the answer to a  problem

c. An Investigation to determine which observations lead to problems

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

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 below that could be a conlcusion statement for this 
experiment.

a. 'The data Indicate that sugar helped the tomato plants grow taller.'

b. "Based on the data, sugar helps tomato plants grow bigger.'

c. 'Based on the data, my hypothesis Is supported.*

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

Lesson #1: Practice Item 9

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

a. If 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 plants grow bigger, and some plants are given sugar 
water while other plants 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 H grow bigger.
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Practice Problem Score zn
[Student#1J

and
fStudent#2]

Out of the n in e  practice problems so far, you have answered the 
following number correctly:

CD
This number represents the number of points you have both earned so 
1ar.

Lesson #2

The Parts of a
Controlled Experiment

m

j p l t  Lesson #2: Introduction f

Well [Student#1] and [Studenl#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: th e  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 la il test.

Click the 'n ex t' arrow to participate in an 'experiment' designed to 
test a  hypothesis about gollballs.
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Jpfit Lesson #2: Introduction “

Suppose you are a  golfer, 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 tor the ball to travel through.
2. Your muscles work better when it is hot.
3. The hotter temperatures cause the rubber in the ball to be hotter, 
making the ball more 'springy' and causing it to travel farther.

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

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

&

J t t  Lesson #2: Introduction

If goffballs travel farther on hotter days because the rubber in the ball 
is hotter, making the ball more 'springy* and causing it to travel 
farther, end one ball is heated white another is cooled before both are 
hit wrth a golf club, th e n  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 Freezes*. You and 
your friend each grab a  golf club and you tee off in the neighbor's yard.

Click the 'next* arrow to view the results.

5*>

J p t  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 flew.

[Student#1], you chose another golf club and hit the hot ball. You click 
on this ball to 6e e  how far it flew.

•
Cold B.n

•
HolB.1l

*̂3

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



www.manaraa.com

Lesson #2: Introduction

Lesson #2: Introduction

75 Y«r4»

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 Yarie----------------------e

75 Yarfe
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Lesson #2: Introduction

II you think the goltball 'experiment' proved that the a  gollball's 
temperature affects how far it goes....think agalnl 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 dubs used may not have been the same
The Super-Cola Freezes 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

<$3

Lesson #2: Introduction

The only way you could prove that the temperature of a golfball affects 
how far K travels when hit is if you were to keep everything exactly 
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 sam e for both the hot and 
cold balls Is called "controlling* them.

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

J f i t  Lesson #2: Introduction

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

'  Identify the independent and dependent variables stated in given 
hypotheses.

• Given an example of two set-ups tor an experiment, identify the 
control and variable groups.

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

<£>
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Lesson #2: Information

•  Independent and Dependent Variables
•  Extraneous Variables
•  Control and Variable Groups

Lesson #2: Information

Remember that an  experiment is a  test on a  hypothesis to figure out if 
it might be true.

A "controlled* experiment is an experiment that makes sure your 
hypothesis Is tested  fairly. A good controlled experiment makes sure 
that only one factor, or variable, is tested in the experiment, and that 
all the other factors, or variables, 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 measure.

As you can see, in order to understand the parts of a  controlled 
experiment, you must learn about the three types of v a ria b le s  present 
in an experiment.

Lesson #2: Information

A variable ia simply anything capable o f being different, or 
being changed.

The following represent variables present in the gotfbal! example:

• Type of club used
• Liquid that might be present

on the outside of the balls
• Strength of the person hitting
• Temperature of the air

• Distance the gotfballs travel
• Temperature of the balls
• Type of ball
• Type of grass the balls were

placed on as they were hitl
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Lesson #2: Information

What were some of the variables present In the ‘grass under the tree* 
experiment?

$& !$!!!&

Lesson #2: Information

There are usually two difrerent kinds ol variables stated in a 
hypothesis.

The following hypotheses have the two variables underlined:

1. Music has an effect on plant growth.

2. The tem perature ol a gotfball affects how far it travels when hit.

3. The amount of orass growing under the trees is different because 
they get different amounts of sunlight

The two types of variables in each hypothesis are called the 
Independent and the dependont variables.

<03_______________________ __________________

Lesson #2: Information

The INDEPENDENT VARIABLE Is the presumed cause of chsnge  
or affect stated In the hypotheala. It la the experimental 
variable that you would Introduce and teat In an experim ent

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 ot potato chins would be the independent variable 
(it presumably alfects math test scores).
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jPfit Lesson #2: Information

H i* DEPENDENT VARIABLE I* the vsrlsbl* that depanda on the 
Independent variable tor change. It la the variable you will 
meaeure and record aa reeulte 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_orowth 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 affected by the eating of potato chips.

Lesson #2: Information

[Student#1], explain to [Student#2] why the underlined variable in the 
hypothesis below is the independent variable, and the non*bo!ded 
variable is the dependent variable.

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

H ypothesis: The slze_ of fhe_flshtank effects how big the
goldfish will grow.

Click the *next* arrow to check your answers.

Lesson #2: Information

H ypothesis: The size  of the  H shtsnk slfects how bio the
g o ldfish  w ill grow.

The size of the fishtank 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 because it 
presumably does depend on the size of the fish tank.
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Lesson #2: Information U l

[Student#2], explain lo [StudentttlJ 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«2J. Be sure to ask questions 
about things that are unclear or things you think are wrong.

Hypothesis: The amount of cavities In a  ch ild 's  teeth 
depends on th e  b rsn d  ot to o th n s s te  used.

Click the ‘next* arrow to check your answers.

Lesson #2: Information =n
Hypothesis: The sm ount of cavities In a ch ild 's  teeth depends
on the b rsnd  of too thpaste  used.

The amount ot 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 ol 
cavities.

J fffi Mid-Lesson #2 Review

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

[Student#1], you will be the su m m a rlze r . It is your job to verbally 
review the Information presented over Independent Variables for 
[Student«2]. Try to recall the objective for this variable and briefly 
summarize the information presented.

[Student*2], you will be the lis te n e r . Listen carefully while 
[Student#!] summarizes the information presented over Independent 
Variables. As [StudenUM] summarizes, ask questions about things you 
don't understand or things you don't agree with...including errors or 
missing pieces ot information.
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Mid-Lesson #2 Review

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

[Student#!], you will be the lis ten er . 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.

Lesson #2: Practice Item 10

Hypothesis: Wet heir causee colds.

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

a. Colds

b. Wet Hair

Lesson #2: Practice Item 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 above.

a. Height of girl

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

Hypothetic: The color of light effocte how a plant will grow.

Click on the variable betow that represents the Independent variable in 
the stated hypothesis above.

a. Color of light

b. Plant growth

Practice Problem Score

[ S t u d e n t # 1 ]
and

[ S t u d e n t # 2 ]

Out ol the twelve practice problems so far. you have answered the 
following number correctly:

CD
This number represents the number of points you have both earned so 
far.
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Lesson #2 Information

•  Independent and Dependent Variables
•  Extraneous Variables
•  Control and Variable Groups

Lesson #2: Information

Now that you have presented with the two types of variables that are 
stated in the hypothesis, it's time to address the third type of variable: 
the extraneous variables.

Extraneous variables era th ose  variables that might also  
cau ss  the dependent variable to change, but you don't want 
their effect to  be mlataken for the Independent variable. 
These are the variables you would keep exactly the same 
between experimental groups.

Lesson #2: Information in
If 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 sam e golf club 
Both balls hit with the sam e force 
Both balls hit from the same tee 
Both balls' surfaces cleaned
Both balls hit when the air temperature was the same
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Lesson #2: Information

Independent and Dependent Variables 
Extraneous Variables 
Control and Variable Groups

Lesson #2: Information

Most controlled experiments contain a t least two groups or 'sat-ups*. 
There is usually one 'control* group and one or more 'Variable* groups.

A control g ro u p  Is a  set-up in an experimental design that contains 
all the variables but not the independent variable.

A variable g ro u p  is set-up In an experimental design that contains 
the exact sam e extraneous variables a s  in the control group but it also 
includes the independent variable.

Lesson #2: Information

A good example of a  controlled experiment containing one variable 
group and a  control 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, heahhlest-looldng houseplants you had ever seen.
You decided to visit him and figure out what he does 
differently. After spending a  few afternoons watching 
him work his plant magic, you were stumped. He seemed 
to do everything the same way you did. The only 
difference being a  liquid plant food he gave his plants 
weekly.
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Lesson #2: Information zn
Based on this information, you arrive at the following hypothesis about 
the problem *Why do my uncle's plants grow better than mine?*:

Hypotheele: Plant food Increases the growth of plants.

You create the following prediction statement using this hypothesis.

If plant food Increases the growth of plants, and I grow one plant with 
plant food and one without, then the plant given the plant food will 
grow more.

Using the ’and* part 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 experiment:

Lesson #2: Information

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

-am ount o f plant food 
-am ount o f  uratergluen 

to each plant 
-tem perature o f  air
-amount o f  growth 

each day

-type of plants
-type of potting soil
-amount o f  light recelued  

by each plant
-amount o f  potting soil

Qlven the hypothesis ’Plant lood increases plant growth*, which ol the 
variables above would be the Independent variable? Click on this 
variable now.
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Lesson ^2: Information
S et-up  » l  w ou ld  be th e  variab le  group b ecause  t t  c o n ta in s  the 
Independent v a riab le  (p lan t food).

Set-up * t Set-up * 2

Lesson #2: Information

Set-up #2 would be the control group because it d o es  n o t contain the 
Independent variable.

Set-up #1 Set-up * 2

Lesson #2: Information

Uorioble 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 
exactly the sam e between the variable and control group. Otherwise, 
any difference in growth might b e  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

Control Group

Remember, in order to prove the hypotheals about plant food true, you 
would have to make sure that you kept all the EXTRANEOUS VARIABLES 
exactly the sam e 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 to  days.

Lesson #2: Information

Uorfabie 6 roup Control Group

The only way this data could prove the hypothesis true Is if the 
following extraneous variables 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.

Lesson #2: Information n
Here Is another example of an experiment with one variable and one 
control group. Scientist Kevin wanted to tind out it drinking Ultra 
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 experimental groups:

Control Group

■ID s tu d en ts  
■Seme food  diet 

fo r  one ureek 
■1 /2  gallon  u io te r 
■Run m ile a t 4:30 
■Record mile time

Uorfabie Group

•Sam e to  s tu d en ts  
■Some food d ie t 
fo r  one w eek

■1/2 gallon Ultra Sugar-Rid 
'R un mile a t  4:30 
th e  neu t w eek  

•Record mile tim e
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Lesson #2: Information

The variables lor this experiment have been  labeled:

EHtraneous Uarlablei 
EHtraneous Uarlable ■

Independent Uarlable • 
EHtraneous Uarlable ■ 
EHtraneous Uarlable •

Dependent Uarlable.

Control Group

•1 0  students
•Sem e rood diet 

for one ureek

M /2  gallon w a ter  
•Run m ile at 4:30

•Record mile tim e

Uarlable Group

•Same to  students 
■Same food diet 
for one w eek  

^•Ultra Sugar-Rid In 
•1 /2  gallon w ater  
•Run mile at 4:30 
the neHt w eek

•Record mile time

&

n

Lesson # 2 : Information n
Notice the variable group Is the one that contains the Independent 
variable (here the Ultra Sugor-Ald Is dissolved In 1/2 gallon of water).

EHtraneous Uarlable • 
EHtraneous Uarlable >

Independent Uarlablei 
EHtraneous Uarlablei 
EHtraneous Uarlablei

Dependent Uarlablei

Control Group Uarlable 6roup

' H ••10  students •Same 10 students
•■Same food  diet 

fo r  one w eek
•Same food diet 
for one week

• M /2  gallon w ater  
•Run mile at 4:30

•1 /2  gallon m ater 
•Run mile at 4:30 
the nent w eek

•Record mile lim e •Record mile tim e

Lesson ^2: Information
Notice both groups contain the dependent variable.

EHtraneous Uoriable ■ 
EHtraneous Uarlable ■

Independent Uarlable ■ 
EHtraneous Uarlablei 
EHtroneous Uarlablei

Dependent Uarlablei

Control Group

MO students  
■Same food diet 
for one uieek

■1/2 gallon w ater  
■Run mile a t 4:30

Uarlable Group

•Same 10 students  
•Same food diet 
for one week

^•Ultra Sugar-Rid In 
•1 /2  gallon w ater  
•Run mile at 4:30 
the neHt w eek

•Record m ite tim e |  *necord mile tim e
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Lesson # 2 : Information
N otice both  groups c o n ta in  the e x a c t sam e extraneous variab les.

EHtraneous Uarlable 
EHtraneous Uarlable

Independent Uarlable 
EHtraneous Uarlable 
EHtraneous Uarlable

Dependent Uarlable

Control Group I Uarlable 6roup

Some food d iet 
for one m eek u i n a i

Ultra Sugar-Hid In
1/2 gallon w a tc i 
nun mile a t  4:30

1/2 gallon uiatoi 
nun mile a t 4:30 
the n ex t meek

Record mile tim e I •Record mile time

Lesson #2: Information

Belore you answer more practice problems lor this lesson, it's time 
tor another example ol identifying control and variable groups as well 
as  the different types ol variables within these experimental groups.

Lesson #2: Information

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

6rouo One 6rouo Tivo

10 mica 10 mice
3 oz. mice food/day 3 oz. mice rood/day
Room temperature Room temperature
20-gellon cage 20-gallon cage
2 oz. ureter/day 2 oz. Diet Cola/day

Every 30 days record Every 30 days record
number or mice urlth cancer number of mice urlth cancer

Click on the Independer* variable.
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r JPS Lesson #2: Information n
1  Now (hat you have identified the independent variable, it should be 1  
1  easy tor you to identity which ol the groups is the control group. 1

Groua One Grouo Tuio

10 mice
3 oz. mice food/day 
Room tem peratu re  
20-gallon cage 
2 oz. u ls te r/d o g

10 mice
3 o z . mice food/day 
Room tem pera tu re  
20-ga llon  cage 
2 o z . Diet Cole/day

Euery 30 days record 
num ber o f mica urlth cancer

Euery 30 days record  
num ber o f mice uilth c en c e r

Click on the control group.

r Jfffl Lesson #2: Information r
■■ Both of these groups should have the dependent variable. This is the 
1  other variable stated in the hypothesis.1

Tnntrnl Grnnn Uarlable Grouo

10 mice
3 oz. mice food/day 
Room tem pera tu re  
20-gallon cage 
2 oz. w a ter/d ay

10 m ice
3 o z . m ice food/day 
Room tem pera tu re  
20-ga llon  cage 
2 o z . Diet Cola/day

Euery 30 days record 
num ber o f mice with cancer

Euery 30 days record 
num ber o f mice w ith c an c e r

Click on the dependent variable in either group.

r JPSI Lesson ^2: Information
1  And ot course, all the other variables that m ight affect the grow th of 
1  cancer In mice besides the drink are the extraneous variables, and ■ these a re  exactly the eame between the two groups:

Control Grouo Uarteble Grouo

2 oz. w a ter/d ay 2 oz. Oiet Cola/doy

Euery 30 days record 
num ber of mice w ith cancer

Euery 30 days record 
num ber o f mice w ith c e n c e r
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Jffflt More Lesson #2 Review

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

[Studem#2], you wilt be the summarize!-. It is your job to verbally 
review the information presented over Extraneous Variables lor 
(Student#1j. 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...lncluding errors or 
missing pieces of inlormation.

More Lesson #2 Review

[Student#!], now it's your turn to be the su m m a rizes  ft is your job 
to verbally review the information presented over Identifying Control 
and Variable _Grouos for [Student#2]. Try to  recall the objective 1or 
this variablo and briefly summarize the information presented.

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

Lesson #2: Practice Item 13

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

G roup *1 
20 clear plastic flowers 
Placed outside 
!0:00 a.m.
Observe for 30 minutes 
Record number of insects that 

land on each flower

Group § Z
20 red, blue, and yellow 

plastic flowers 
Placed outside 
10:00 a.m.
Observe for 30 minutes 
Record number of insects that 

land on each flower

Click on the group that represents the control group.
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Lesson #2: Practice Item 14 zn
Click on the variable listed below that would be the dependent variable 
in an experimental set-up designed to tost the hypothesis "The color of 
a flower's petals affect how many insects are attracted to it.".

a. 20 red, blue, and yellow plastic flowers

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

c. Observe for 30 minutes

d. Number of insects that land on each flower

e. All of the above

Lesson #2: Practice Item 15 r
Click on the variable listed below that would be the independent 
variable in an experimental set-up designed to test the hypothesis 
"The color of a  flower's petals affect how many insects are attracted 
to it".

a. 20 red, blue, and yellow plastic flowers

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

c. Observe for 30 minutes

d. Number of insects that land on each flower

e. None of the above

Lesson #2: Practice Item 16

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

..ffirgw £1
20 mice 
50 drops water on fur every day 
Mouse-Chow food 
Water to drink 
10-Gallon Cage 
Room Temperature 
Record number of mice 

with colds

Group # 2
20 mice 
Dry fur
Mouse-Chow food 
Water to drink 
10-Gallon Cage 
Room Temperature 
Record the number of mice 

with colds

Click on an ex traneous variable in the control oroun.
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Lesson #2: Practice Item 17

Ths following set-ups were developed lor an  experiment to test the 
hypothesis ‘Wet hair causes colds.*

-fifPUP *1
20 mice 
50 drops water on tur every day 
Mouse-Chow food 
Water to drink 
10-Qallon Cage 
Room Temperature 
Record number ol mice 

with colds

Group #2
20 mice 
Dry lur
Mouse-Chow lood 
Water to drink 
10-Gallon Cage 
Room Temperature 
Record the number ol mice 

with colds

Click on the d epend en t variable in the variable group.

Practice Problem Score

[Student#*!]
and

[Student#2]

Out of the sev en teen  practice problems so far, you have answered the 
following number correctly:

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

Lesson #3 

Designing Controlled Experiments
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Lesson #3 Introduction zzn
[Student#!] and [Student#2], now that you have learned about the steps 
in the scientific method a s  well as  the parts ol 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 
statem ent.

Lesson #3 Information

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

Step One: Identify the Independent and dependent variables.

Step Two; Determine the type of test to b e  performed.

Step Three: Determine at least three extraneous variables to  
b e controlled between experimental groups.

Step Four: Describe the control and all variable groups by
listing and labeling all variable types within each group.

Lesson #3 Information

Step One: 

Identify the independent and 
dependent variables.
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JffllE 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 goldfish in your local pet store aquarium 
seemed to grow much bigger than your goldfish a t home. You also 
noticed that the pet store always plays quiet, relaxing music 
throughout the day.

jjfiffi Lesson #3 Information

You think about the problem 'Why do the pet store goldfish 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 quiet, 
relaxing music slows down the fish, making them grow bigger and 
fa tte r.

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

Lesson #3 Information

The first 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 lessonl

Problem; Why do the pet store goldfish grow larger than mine?

Hypothesis: Quiet relaxing music makes goldfish grow bigger.

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

5{>
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JfffflS Lesson #3 Information n
Step Two:

Determine the type of test 
to be performed.

Lesson #3 Information n
Ones 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* part of the 
prediction statement briefly describes the type of test to be 
performed.

Prediction statem ent:

If music makes fish grow bigger, and one goldfish is placed In s  
fish bowl In a silent room while another Is placed (n a fish  
bowl in a room where quiet, relaxing m usic la played, then the 
fish in the music room should grow bigger than the fish in the silent 
room.

If music makes fish grow bigger, and one goldfish la placed In a 
fish bowl in a silent room while another la placed In a fish 
bowl In a room where quiet, relaxing m usic Is played, then the 
fish in the music room should grow bigger than the fish in the silent 
room.

From the information in the 'and* portion ol 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 be in a  silent 
room. This is the control group because H d oes not include the 
independent variable. The other group will be in a room with quiet, 
relaxing music. This is the variable group because it d oes contain the 
independent variable.

HiPt Lesson #3 Information
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Jffflt Lesson #3 Information n
Step Three:

Determine at least three 
extraneous variables to be 

controlled between 
experimental groups.

Lesson #3 Information

So, now you know the independent and dependent vatiables 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 exactly the 
same between groups.

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

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

Lesson #3 Information n
Size of the fish bowl 
Temperature of the water Type of fish 

Age of fish 
Sex of fish

Amount of light

Amount of food per day 
Type of food
Condition of the water
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Lesson #3 Information zzn
Hopefully, you came up with some ol the following variables:

Size of the fish bowl Amount of light
Temperature of tho water Type of fish

Amount ol food per day Age of lish
Type of food Sex of fish
Condition of the water

<$3______________

Lesson #3 Information

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

Size ol the lish bowl Type of fish
Temperature of the water Age of fish

Amount of food per day Sex of fish
Type of food

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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Lesson #3 Information

The last step is simply listing and labeling everything you have done up 
to now. It is helpful to draw a  T  chart like the one below to help you 
organize all the information:

Control G roup Variable G roup Variable Type

1 Male Goldfish 1 Male Goldfish Exlraneous
60 Days Old 60 Days Old Extraneous
S Gallon Bowl 6 Gallon Bowl Extraneous
75° Water 75" Wafer Extraneous
1 gram foodfday 1 gram food/day Extraneous
No Music Music Independent
Measure growth Measure growth Dependent

Lesson #3 Information

You know you have designed the experiment correctly If your T* chart 
includes the following:

• Variable group contains the independent variable stated in the 
hypothesis

• The dependent variable is the sam e for both the control and variable 
groups, and it Is stated or implied in the hypothesis

• 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  effect on the 
dependent variable are listed, and they are the same for all 
experimental 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.

C o n tro l G roup Uarlable Group

* > *
. i  
* W «c*/ 

I Wiukj
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Lesson #3 Information n

Control Group Uorloble Group

'  t >
. «•*» J

V vM ti
>

Lesson #3 Information

Before you answer some practice problems over this (Inal lesson, you 
will go through one more example ot designing a  controlled experiment. 
Each ol the four slaps will be followed throughout the process.

Tha Tlra Experim ent

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

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

6i>

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:
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Lesson #3 Information

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

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

Prediction: II 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 betler mileage.

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

Lesson #3 Information

S te p  O ne: D eterm ine th e  Independen t an d  dependen t
v a r i a b l e s .

Hypothesis: Bigger tires give you better gas mileage.

What is the independent variable in the hypothesis? (Studentdl], 
answer in the box below. When you have finished typing your answer, 
click on the 'Click Mel' button.

( Click Mel )

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 'Click Mel' button.

( Click Mel )
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Lesson #3 Information

Step two Involves determining the type ol 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.

Prediction: It 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 M el )

Lesson #3 Information

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

So, H 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 mllelage? These will be the variables Kept 
the same between the two cars during th e  experiment.

Discus* with your psrtnar 
at Isast thra* oxtranoous 
variables before clicking 
the ‘next* arrow.

Lesson #3 Information zzn
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 to 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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Lesson #3 Information

The (Inal step involves listing and labeling all the variables to be 
included in the control and variable groups. Remember:

....in step one. you determined the the independent and dependent 
variables,

....in step two, you determined the type ol test,

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

Lesson #3 Information

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

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

And the Hypothesis: The neighbor's cer gets  better g a s  mileage 
because the tires are bigger.

And the Prediction: If the neighbor's car gets better gee  
mileage because the tlrea are bigger, and normal s ize  tires 
are put on one car while blger tires ere put on another car, 
then the car with the bigger tires will get better gas  
m ileage .

Lesson #3 Information

Complete step tour lor the tire experiment by clicking on a  box below 
and typing in the appropriate variable or variable type. One variable 
has been filled in tor you as an example.

C ontrol Group VorloDle Group V ariable Type

ExVaneous

Click the "Next" arrow to check your answer.
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Lesson #3 Information

Check your answer from the previous screen  with the answer below:

C ontrol Group V ariab le  Group V orlobleTgpe

1902 Btick R*gal ear 1992 Bulcfc R*gal ear ExVaneout
Sam* miles on ear Sam* on  car E*tao*ou*
Drtv* on «am* afoot Drtv* on sem e sf**t Exfan *ous
Sam* w*ath*r outsld* 1 I Extraneous
Sam* drtvor Sam* drtvar Ex*an*ous
Drtv* at tarn* sp**d Drtv* at sam* tp**d Extan*out
Normal size «r*a Bigger tires lnd*p*nd*nt
Record mites p«r gallon Record m uss p*r gaKon D«p*nd*nl

Lesson #3 Review n
Once again it's time for both of you to review some of the information 
presented before you answer the next se t of practice problems.

[Student#1], you will be the  su m m erlzer. It Is your Job to verbally 
review for [Student#2] the information presented over the first three 
steps involved In designing controlled experiments: Identifying the 
Independent and Dependant Variables. Determining tho Tv pb  ot Tost. 
and Determining Three Extraneous Variables. Try to recall the 
objective (or this a rea  and  briefly summarize the information 
presented.

[Student*2], you will be the  listener. Listen carefully while 
[siudent*1] summarizes the  Information. As [SludentHI] summarizes, 
ask questions about things you don't understand or things you don't 
agree wDh...including errors or missing p ieces ol information.

Lesson #3 Review

[Student#2], now it is your turn to be the sum m arlzer. Summarize 
for [Student#1] the information presented over the fourth step in
designing an experiment: Qescribe_and_ LabeLAll Variables.in the 
Control and Variable Groups.

(Student#1J, listen  carefully to [Student#2]. 
any errors or missing information.

Be sure to comment on

Click on the *Next* arrow when you are ready for the last set of 
practice problems.
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.jp ti Lesson #3: Practice Item 18 T"

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

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

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

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 given 
food without vitamin K, then The rate given the 1ood with the vitamin 
K will be less violent than the other rats.

___________________________________________

Prediction: If rats that do not oat trough vftamfn K become violent, and somo rats aro 
glvan food with vitamin K whila othar rats aro gfvon food wtihout vitamin K, than The rats 
glvon Via food wtth tho vitamin K vrfU bo toss vtotont tfian too othor rats.

Experimental Design:

Control Group Variable Group Variable Type

f Click H ere to  C heck A nsw er

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

P ro b lem : Why do most hot-air balloons fly in the winter instead of 
the summer?

H ypothesis: The outside temperature affects how high a hot-air 
balloon can travel.

P rediction: If the outside temperature affects 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 outside air, then the 
balloons from the two groups will not travel the same height.

Lesson #3: Practice Item 18

Lesson #3: Practice Item 19
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Lesson #3: Practice Item 19 f "

Prsdtotton: It h e  outside lempecahre affects how Ngh •  hot-air baloon can Vavel. and 
tom a hol-alr balloons arc launched In cold outtlda air while others are la inched In hollar 
outside sir, than the baloons from the taro group# wH not travel the seme height

Experimental Design:

Control Group Variable Group Variable Type

Click Here to  C heck H n iu ie r

Here are your reported scores lor practice problems #18 and #19 
(worth 5 points each):

Score lor Practice Item 18:

Score lor Practice Item 1 9 :1 4

Click the "NeXT arrow to view your final score lor this entire program.

Lesson #3 Practice Scores

Practice Problem Score n
[Student#1]

and
[Student#2]

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

I 20 I
Tomorrow you will individually take a  written test over all the 
material presented in this program.

Good Luckltl
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Practice Data

Item Answer Item Answer
1-1 c 2 -1 0 a
1 -2 a* 2-1 1 a*
1 -3 c " 2 -12 b
1 -4 X 2 -1 3 eg*
1 -5 b* 2 -1 4 d*
1 -6 c 2 -1 5 a*-
1 -7 d * 2 -16 eve*
1-6 b 2 -1 7 dv*
1-9 b*

Lesson 1 Total fj 5 | Lesson 2 Tot

Item 16 Score: CD 

Item 19 Score: m

| Practice Total I F T P

I Lesson 3 Totall

J
Group

m

• n

Lesson 1 Time Data

Instruction 1 Time: Practice 1 Time:2851 136

Practice 2 Time; [Instruction 2  Time: ee

Lesson 1 Total:
Interaction 1 Time:

571
Interaction 2 Time: 39

Interaction 3 Time:

Interaction 4 Time: 265
Group#: 001

Lesson 2 Time Data

Instruction 1 Time: |_ 

Instruction 2 Time: £

Interaction 5 Time: 

Interaction 6 Time:

J
2851

Practice 1 Time: [ 

Practice 2 Time: |

94

163

285

Interaction 7 Time: | 285 |

Interaction 8 Time: f 26 I

Lesson 2 Total:

522

Group #: | 001 |
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Lesson 3 Time Data

Instruction Time: Practice Time:2651 540

lesson 3 Total:
Interaction 9 Time:

162
Interaction 10 Time: 350

Total Program Time: 1255

Group *: I 001

Menu

6o  To L e sso n  ID

Go To L e ts o n  IB

6o To L e s to n  2B

Go To L e sso n  2B

Go To l e s s o n  3
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APPENDIX D

POSTIEST 

ANSWER SHEET 

ANSWER KEY
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Designing Controlled Experiments 
Test

140

A nsw er 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 w ant 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 "I.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 

20 chickens
unpolished rice (rice with husks)
5.0 liters water per day 
25 m X 25 m fenced yard 
Record number of times chickens 
fall down

Variable Group 

20 chickens
polished rice (rice with no husks)
5.0 liters water per day 
25 m X 25 m fenced yard 
Record number of times chickens 
fall down

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



www.manaraa.com

143

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

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

Variable Group

• One Penn tennis ball
• Ball heated to 140° F
• Dropped from 5 meters
• Record height of first bounce
• 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 m ath tests than most skinny 
students because large students eat more potato chips than skinny students 
before a math test.

Prediction: IF 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 #:_

1. . 

2 . .

3. .

4. .

5. .

6 . .

7. .

8 . .

9. „

10. 

11 . 

12. 

■13.

14.

15.

Designing Controlled Experiments Test 
Answer Sheet

________________  18. Age:__________

16. Amount of polution:. 

Redness of a sunset:

17. Acceleration of a car: 

Brand of gasoline:__

How well they can see:_

19. I.V__________________

20. I.V.______________:__

21. D.V.________________

22. D.V.________________

23. ____________________

24. ____________________

25.
Variable Group 

  20 chickens

polished rice (rice with no 
husks)

5.0 liters water per day

25 m X 25 m fenced yard

Record number of times 
chickens fall down
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26 .

Control Group 

One Penn tennis ball 

Unheated ball (80° F) 

Dropped from 5 meters 

Record height of first bounce 

Drop 10 times

Variable Group 

One Penn tennis ball 

Ball heated to 140° F 

Dropped from 5 meters 

Record height of first bounce 

Drop 10 times

27.

Control Group Variable Group Variable Type

28.

Control Group Variable Group VariableType
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D esigning Controlled Experiments Posttest Answer Key
(point values fo r each question in parentheses)

1. Hypothesis (1) ________

2. Observation (1)___________

3. None (1)________________ _

4. Problem (1)_______________

5. Experiment (1)___________ _

6. None (1)__________________

7. Observation (1)____________

8. Hypothesis (1 )____________ _

9. Prediction ( 1 ) ___________ _

10. Problem (1) ____________ _

11. H ypothesis (1)____________

12. Conclusion (1)__________

13. Hypothesis (1)____________

14. Problem (1)______________

15. Prediction (1)_____________

16. Amount of polution: I.V. 

Redness of a sunset: D.V. 

(1 point for both correct)

17. Acceleration of a car: D.V. 

Brand of Gasoline: I.V.

(1 point for both correct)

18. Age: I.V.

How well they can see: D.V.

(1 point fo r  both correct)

19. I.V. M usic (1)________________

20. I.V. Am ount of salt (1)

21. D.V. Size o f goldfish (1)

22. D.V. Score earned on test (1)

23. B (1)_______________________

24. A  (1)_________1_____________

25.
Variable Group

E.V. 20 chickens

I.V. polished rice (rice with no
husks)

E.V. 5.0 liters water per day

E.V. 25 m X 25 m fenced yard

D.V. Record number of times 
chickens fall down

(1 point for all correct labels)
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26.

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)

27.

Variable Group

E.V. One Penn tennis ball

I.V. Ball heated to 140° F

E.V. Dropped from 5 meters

D.V . Record height of first bounce

E.V. Drop 10 times

Control Group Variable Group Variable Types
Non-algae food Algae I.V.
M easure fish  size Measure fish size D.V.

3 E.V.

1 point fo r proper I.V. and D .V . for both labeled groups 
1 point fo r 3 E.V. the same fo r  both groups

28.

Control Group Variable Group Variable Types
N o Chips Chips I.V.
Record math test scores Record math test scores D.V. "

3 E.V.

1 point fo r  proper I.V. and D .V . for both labeled groups 
1 point fo r  3 E.V. the same for both groups

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



www.manaraa.com

APPENDIX E 

a ttitu d e  SURVEY
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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.

2. I tried hard to understand the information presented in 
the computer program.

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

4. I concentrated on learning throughout the entire program.

5. My partner concentrated on learning throughout the 
entire program.

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

7. I enjoyed working with a partner.

8. I am confident that I will do well on the final test.

9. I would like to learn more about designing experiments.

10. I would like to work with a partner again and do another 
science lesson on the computer.

2 3 4

2 3 4

2 3 4

2 3 4

2 3 4

2

2

2

2

3 4

3 4

3 4

3 4
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APPENDIX F 

INTERACTION OBSERVATIONS DATA SHEET
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Interaction Observations Data Sheet

Group #: _________ Version: C NC Group Type: LL HH LH

Week: 1 2 Day: 1 2 Hr::________

Student #1: _______________________ Sex: M F Level: L H

Student #2: _______________________ Sex: M F Level: 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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