Qualitative Analysis of Collaborative Learning Groups in Large-Enrollment

Introductory Astronomy

Chija Skala ( 1)

, Timothy Frederick Slater (2) , Jeffrey Paul Adams (3)

(1 ) Montana State Universit y, Department of Physics, Bozeman, MT 59717-3840 USA

(E-mail: skala@ph ysics.montana.edu) USA Tel ephone 406 994 3462 Fax. 406 994 4452

(2 ) Montana State Universit y, Department of Physics, Bozeman, MT 59717-3840 USA

(E-mail: slater@ph ysics.montana.edu) USA Telephone 406 994 1693 Fax. 406 994 4452

(3 ) Montana State Universit y, Department of Physics, Bozeman, MT 59717-3840 USA

(E-mail: adams@ph ysics.montana.edu) USA Tel ephone 406 994 7835 Fax. 406 994 4452

Keywords : Miscellaneous ; undergraduate education, collaborative group l earning, and research in teaching and learning

Abstract

Large-l ecture introductory astronom ycourses for undergraduat e, non-science majors present numerous problems for facult y. As part of a s ystematic effort to improve the course learning environment, a seri es of small-group, collaborative learning activities were implemented in an otherwise conventional lecture astronom ysurve ycourse. These activities were used once each week during the regularly scheduled lecture period. After ei ght weeks, ten focus group interviews were conducted to qualitativel yassess the impact and d ynamics of these small group learning activities. Overall, the data strongl ysuggests that students enjo yparticipating in the inclass learning activities in learning teams of three to four students. These students firml ybelieve that theyare learning more than the ywould from lectures alone. Inductive anal ysis of the transcripts revealed five major themes preval ent among the students´ perspectives: (1) selfformed, cooperative group composition and formation should be more regulated b ythe instructor; (2) team members´ assi gned rolls should be less formall ystructured b ythe instructors;

(3) cooperative groups helped in learning the course content; (4) time constraints on lectures and activities need to be more carefull yali gned; and (5) gender issues can exist within the groups.

These themes serve as a guide for instructors who are developing instructional interventions for large lecture courses.

1. Introductory Astronomy for Undergraduates in the USA

Each year, more than 200,000 undergraduat es enroll in introductor yastronom yat colleges and universities in the USA ( Fraknoi, 1996). Like many other surve ycourses in the sciences, astronom yis offered at most institutions as a service course for m an yself-proclaimed apathetic and disinterested students fulfilling natural science distribution requirem ents ( Zei lik, et. al.,

1997). The most common student complaint is that the astronom ylecture mat erial is irrelevant and unrelated to thei r undergraduate m ajors (Dennis, 1990). This truism might actuall ybe correct. When a science course is presented onl yas a long list of facts to be committed to shortterm memor yfor the next multiple-choice test, the information is quickl yforgotten and the course certainl yis irrel evant to most academic majors. Yet, for this enormous population of college students, man yof which are pre-service education majors, it is critical to ^get this course right.~ Like man yother introductor ysurve ycourses, this course often represents the last science course that man yof these students will ever have. As such, these courses oft en serve as the final foundation for science concepts and attitudes towards science that graduates carr yinto ever yda y life.

It is generall yrecognized that a large-lecture learning environment can be improved substantiall yb ymoving learners from a passive role to a more active role. Attention dem anding demonstrations and eloquent use of multimedia have alwa ys been a part of the talented introductoryinstructor´s repertoire. However, effective active-learning requires students to do more than watch a presentation (Duncan, 1999). For example, Mazur (1997) drasticall y improved student achievem ent bydeveloping a series of ConcepTest questions for his Harvard physics students to tackle in learning teams in the cont ext of lecture. Sokoloff and Thornton

(1997) discovered that ph ysics students had si gnificant test improvem ent using interactive lecture demonstrations strategies that requi re students to commit to their predictions. Mestre

(1993) found that asking students to pose problems from a given scenario was an excellent tool for activel yengaging students´ thought processes. At the Universit yof Washington, McDermott

(1991) and her colleagues discovered that a hi ghl y-structured, guided inquiry approach based on student misconceptions research has enormous effects on student learning. Francis, Adams, and

Noonan (1998) found that the Universit yof Washington-st yl e tutorials helped students retain knowledge for more than three years after their physi cs course. Compounding the evidence for active student involvement, Astwood and Slater (1997) argue that students who activel y complete assessment portfolios devote more time to the studyof geologymaterial than do students who do not compose portfolios and onl ypassivel ylisten to lectures (Slater, 1997).

Uniforml y, the literature confirms that active learning strategies improve student performance.

The obstacle to providing ^eas yto implement~ inquir y-based learning activities and alternative assessments for students in large-enrollment courses is indeed formidable ( Safko,

1988; Slater and Astwood, 1995; Zollman, 1990) but is not insurmountable. Zeilik (1997) has had significant success removing gender and ethnic-background examination performance differences b yincluding specialized collaborative group activities within the context of astronom ycourses. It was the ori ginal work b y Zeilik and others that motivated the implementation and the subsequent qualitative evaluation of the project described here.

The effectiveness of collaborative learning groups is well-document ed. According to

Robert Slavin (1991), cooperative learning methods are among the most extensivel yevaluated alternatives to traditional instruction. In 1990, Slavin synthesized 67 high-qualit y, two-group comparison studies on student achievement in elementar yand secondar yschools. In his metaanal ysis, he found 41 (61%) of the studies found significantl ygreat er achievement in cooperative classes than in control classes. Twent y-five (37%) of the studies found no statisticall y significant differences and in onl yone studydid the control group outperform the cooperative learning class. These studies did var yconsiderably on how cooperative learning was desi gned.

However, when cooperative group instruction emphasized group goals and individual accountabilit y(i.e., if learning groups earn rewards if all learners achieve higher levels of performance on individual measures), 37 out of 44 such studies (84%) showed statisticall y significant positive achievement effects. In fact, taken collectivel y, research conducted b y

Slavin and others consistentl yshows that, using experimental/control comparisons of at least four weeks´ duration, cooperative learning groups demonstrate positive outcomes in measures of achievem ent, self-esteem, intergroup relations, acceptance of academicall yhandi capped students, attitudes toward school, and/or abilit yto work cooperativel y.

Slavin (1991) suggests that whycooperative learning t asks are assi gned is as important as the need for group goals and individual accountabilit y. He convincingl yadvances that this is because hi gh-abilit ystudents working in a group to complete a worksheet have little reason to take the time to consult their less able teammates. In contrast, cooperative learning strategies appear to work much better when the group´s task is to ensure that ever ygroup member learns something. This perspective provides rationale for ever ygroup member to explain concepts to teammates˙a group achievement goal. Although common lore oft en reports that cooperative learning holds back hi gh achievers, Slavin (1991) states that the research literature provides absolutel yno support for this claim.

2. Context of the Study

The t ypical nature of the large enrollment astronom ylecture is conducive to students pla ying the role of passive l earners. The conventional student model is that students attend class

(sometimes), cop ynotes from what the instructor places on the overhead screen, and reviews these notes before an examination. In this model, if a student misses a cl ass, their perceived responsibilit yis to get the l ecture not es from another student and review them before the next examination.

As part of a s ystem atic effort to increase the student-activit ylevel in the classroom, the authors implemented series of small-group, collaborative learning activities in an otherwise conventional lecture astronom ysurve ycourse. The project was conducted at Montana State

Universit yin the introductor yastronom ysurve ycourse for non-sci ence majors with more than

200 students in each course section. These student-centered learning activities take 20-30 minutes to complete and are inserted once each week during the regularl yscheduled lecture period. The activit ytitles are listed in Tabl e 1 (Adams and Slater, 1998). The activities were unannounced and required students to work in self-formed groups of three to four students. The class met three times each week for 50 minutes in a multimedia lecture theater with seats permanentl yfixed to the floor.

< insert Table 1 about here ˘ single column width suggested>

As an example, consider the activit ytitled DES IGN ING AN OBSERVATORY.

Students are given a scenario in which the yhave been awarded a $US 6 000 grant from a telescope compan yto conduct astronom ypublic outreach through the local museum. The students must come to a group consensus and produce a justified list of materials for purchase.

The students are given a current catalog and have 30 minutes to develop their wish list among reflecting telescopes, refracting telescopes, e yepieces, mounts, and binocul ars. This activit y trul yrepresents an ^open-ended activit y.~ In other words, it has multiple entr ypoints and multiple correct answers. Experience dictates that professional astronom ers and undergraduate novices can both have meaningful discussions about how to outfit a local observator yalbeit at ver ydifferent levels of sophistication. Besides role pla ying activities such as this observator y design activit y, other activities include historical reproductions of measurements, conceptual development activities, and science process skill activities.

In an effort to capitalize on existing collaborative learning groups, the authors also implemented group t ests in addition to individual tests. In practice, students took a 20 item multiple-choice examination individuall yover a 30-minute period. Aft er students submitted their examination, theyreceived a second cop yof the examination, identical to the first. This time, however, the students were allowed to discuss the examination questions with their collaborative learning group teammates. After discussion, each student handed in his or her own second examination. The scores from the first exam (done individuall y) and the second exam

(done with discussion) were averaged together. The reason that each student submitted their own examination was that the groups were not required to reach a consensus. In other words, students answered their own test questions after group discussion and the ymi ght or mi ght not have agreed with the group´s majorit yopinion. This group t esting had the additional benefit of demonstrating to the students once again that the instructors valued the collaborative l earning groups.

3. Description of Focus Groups

For this project, focus group interviews were conducted to explore the h ypothesis that the cooperative l earning groups help students learn. Focus groups are unique in that the y^foster a group dialogue~ which participants are free to discuss and debat e in wa ys that are not possible in individual interviews. Focus groups have been used successfull yin a variety of similar studies

(Slater et. al., 1996; Astwood and Slater, 1995; Rischbieter et. al., 1993; Cox and Carpenter,

1991; amongst man yothers). Hence, focus groups have the abilit yto obtain man yideas and/or issues that are of importance to the participants in a short period of time: from 30 minutes to 2 hours. Modern focus groups, or in depth group interviews, often consist of 8 to 12 participants and a single moderator. In the optimum scenario, participants represent a reasonable cross section of the population that the researcher(s) would like to evaluate (Morgan, 1988). The role of the moderator is to present questions for the participants to discuss and to keep the discussion on the topic of interest of the researcher(s). The moderator is not allowed to participate in the discussion in anywa yfor this ma yultimatel yalter the data. The moderator ma y, however, ask more specific questions relating to the topic at hand in an effort to obtain more speci fic data.

This does not allow the participants to discuss among themselves as much as would naturall y happen. It does, however, obtain data on a ver yspecific subject in a short time.

Most focus group interviews are audio or video tape recorded, although a scribe can be present to record the conversations among the participants (Stewart and Shamdasani, 1990). The raw data obt ained b yan yfocus group is the dialogue among the participants. The researchers then anal yz e this dialogue using a strategyknown as inductive anal ysis. B yrepeatedl yreading the transcripts, the researchers identif ythemes that occur within the dialogues. The ythen assess the importance and relevance of each theme. This procedure might appear easi er than it reall yis.

Certain issues mayarise within a discussion and all ma ybe of equal importance to the participants, but because the majorit yof the participants agree on an issue, the issue ma ybe mentioned several times but never be discussed. On the other hand, an issue mi ght arise of equal importance to the participants, but because there is a debat e about the affects of this issue, more time is usuall ydevoted to discussing the particular issue. It would be ver yeas yfor the researchers to sa ythe issue(s) that are discussed b ythe group the longest, or most in depth is of more importance to the participants than an issue not discussed. This ma ynot be the case, it is ver yimportant that the researchers realize what the participants mean when the ysa ythe things theydo. As such, focus groups are among the most popular t ype of qualitative research tools available in science education.

4. Procedure

For this project, the focus groups were conducted to explore the hypothesis that the cooperative l earning groups were serving their purpose in helping students learn. Three astronom yeducation speci alists aided the instructors b yconducting the focus groups. These focus groups were held about ei ght weeks into the 16-week semester. Several recurring themes emerged through these focus groups including gender issues, attendance, and group learning verses lecture learning.

Students were asked to volunteer their time, about 90 minutes in the afternoon, to discuss the cooperative learning groups. As an incentive, the instructors offered ^upgrade coupons~ to improve scores on a group activit yto entice enough students to participate in the focus groups.

This strategyworked exceedingl ywell as more than a third of the students participated. In fact one student reported going to the Introductor yAstronom yclass in the morning, went skiing during the da yand made it back to school in time for his 3:00 focus group appointment. This method of enticing students to participate in a extracurricular activit yb yoffering a ^free grade~ initiall yappears to work well, but because these focus groups were anon ymous, it is unclear exactl ywhich t ypes of students participated in these focus group sessions. Thus it is important to note that the data that was received b ythe focus groups might not represent a true cross section along abilit ylevels due to the recruiting processes.

The students who volunteered to participat e in the focus groups were randoml ysplit up into ten groups: three all-male groups, four all-female groups and three mixed-gender groups.

There were approximatelyei ght students in each group. Each focus group was conducted in a separat e room. The reason for the different gender compositions of the focus groups was an attempt to pick up on anydifferences between the groups to hopefull yidentif yan ygender issues or problems within the learning groups.

The same interview script was used for each focus group regardless of the gender composition of the group and is shown in Table 2. It was explained to the participating students that the reason the focus groups were being conduct ed was because the people who were involved in this project, which included the instructors, were interested in what was going on in the classroom from the students standpoint. The students were also told that their comments would not be shared directl ywith their professors. The participants were made aware that the interview would be tape-recorded and transcribed to keep the anon ymit yof the participating students. The students were also informed that if the yfelt uncomfort able for an yreason, the y were allowed to leave the focus group and keep their upgrade coupon. It was further explained that the information obtained b ythese groups would be used for future course improvements.

5. Results

After anal yzing the transcripts from the ten student-focus groups, five themes em erged.

Theyare:

1. Cooperative group formation and composition needs to be more regul ated.

2. Assigned roles in cooperative groups should be less structured.

3. Cooperative groups helped students learn.

4. Time constraints on lecture and activities should be balanced.

5. Gender issues exist within some groups

Each theme emerged within ever yfocus group, regardless of gender composition with the exception of the last theme. Theme five emerged as a topic of discussion in at least one of ever y group composition, but not all groups. It is important to note that these themes appeared without anyconscious prompting b ythe moderators. Each group was asked the same initial series of discussion questions and moderators were allowed to pursue additional questions in order to gain more specific data. This flexible approach provided important insi ght on how students learn and work in their cooperative groups.

5a. THEME I: GROUP FORMATION NEEDS TO BE MORE REGULATED

It was important to the instructors that the groups are formed on the first da yof class for two main reasons: to establish the tone for the course and to gain continuit ywithin the groups.

The groups were to self-formed. The class members were instructed to pair-up with the person next to them. Then pairs of students were instructed to find another pair to work with, creating groups of four. Because these instructions were somewhat ambiguous, and the main purpose was to find a group of four to work with, three principl e t ypes of groups formed: random, familiar, and mixed. In practice, an exact cl assification schem e proves to be problematic given the transient nature of the students ˘ rel ativel yhi gh levels of absence, tardiness, and ent rance to the class several weeks into the semester.

Most commonl y, the ^random~ groups were composed of students who formed a group based on proximity. Several of these random groups were composed of the students who entered the class late. The important charact eristic of members in random groups were that the students did not know each other prior to forming the group. The second typ e of group,

^familiar groups,~ were composed of students who knew each other prior to entering the cl ass.

Familiar groups seemed to be the most rare of the three groups observed. The students who composed the familiar groups could have been sitting in close proximit yto each other, but this is not alwa ys the case. There were instances where students on one side of the room joined students on the other in order to work together. The most commonl yformed groups were

^mixed groups.~ Usuall ymixed groups consist of a pair of friends and two other random students from the class.

It was the instructor´s intent to keep the same groups the entire semester, but because the groups had to be form ed in an expeditious matter based mainl yon proximit y, and along with other extraneous influences, such as poor class attendance, a number of groups change members frequentl yduring the semester. The instructors were aware of the situation, and allowed group switching to take place.

Manystudents reported that the ypreferred the wa ythe groups were established rather than having been assigned cooperative groups b ythe instructors. One student remarked, ^I like this way better because you at least feel like you want to be there instead of you´re forced to be there. I´ve always hated to be told, ´Y ou are four, and that is your group.´ It reminds me of high school.~ Manystudents also reported that the yattend class more frequentl ydue to the cooperative nature of group learning. ^It definitely does make me go to class more cause I kindof skip every once in a while. The learning activities is a motivator, � the fact that it is fun�

It´s not like you have to sit by yourself and listen to a professor go on and on, it is interesting and

I learned a lot better.~ The relativel yfew negative comments voiced rel ating to group formation criticized the limited time allotted for self-formation.

Each t ype of cooperative group repeatedl ydemonstrated a common set of characteristics.

The random st yl e groups oft en lacked focus, cohesiveness, and productivit y. This appears to be due to three reasons: hi gh absentee rate, conflicting motivations, and personalit yconflicts. A high absent rate among the students in this group is likel ythe main factor as to wh ythis t ype of group does not work well. For a group to function correctl y, one of the prerequisites is to have all the group m embers present all the time. Man yof these students failed to attend class and consequentl ymissed group activities. Two students reported the ywere not able to name students in their cooperative groups. Another student reported that he would not be able to identifyvisuall ya member of his group if he was asked to do so. A student expressed her frustration as: ^ We´ve got one guy, I don´t know his name cause he´s rarely even there � which kind- hurts the group. � We haven´t seen him for three weeks and then he shows up for the

[group] test and then expects to take it.~ This is consistent with results recentl yreported b y

Wills (1999) and others.

The second difficult ythat random groups oft en face is conflicting motivations among group members. There was often lack of respect of other group members´ thoughts, opinions and feeling ˘ apparentl yresulting from some students´ desire to finish activities quickl yand leave class earl y. When random groups do not function well, the primar ycause is personalit y differences. The instructors realize that self-formed groups do not adequately engender groups suited for ever ystudent; accordingl y, students are allowed to switch groups with the consent of an instructor.

Among the three t ypes of cooperative groups, ^familiar groups~ appear to be the most conducive to group learning. Unfortunatel y, familiar groups are also the least numerous. There were no complaints about group learning t echniques or group members from an ymember in a familiar group. Students in a familiar group universall yreported working well together. In addition to working well together in class, students in the familiar group were a support group for each other outside of class. If, for instance, one member of the group happened to miss a class, the other members would rel a ythe information covered in that class to the absentee.

Familiar groups also function outside of class as a studygroup before examinations. There were no reports of a familiar groups switching members.

^Mixed groups~ possess man yof the advantages that are characteristic of the familiar groups, but the yalso are burdened b ya few of the disadvantages common to the random groups.

In man ywa ys, mixed groups performed identicall yto the familiar groups but lacked an youtsideof-class communication. Conflicting interests among group m embers was present, although it did not appear to affect cooperative group learning to the extreme that it seemed to in the random groups.

Poor attendance continues to be bothersom e within the mixed groups. Groups of two and three form ed inadvertentlydue to the continual absence of a member, or members, of certain cooperative groups. Some groups worked well without the presence of the fourth member, others felt deserted as seen in the following comments made b ystudents:

^There´s me and my friend and the other two guys rarely show up to do their part. So we get everything done. One of them was here the first day but he felt bad cause he didn´t really understand what we were doing, and we haven´t seen him much since. It´s extremel y hard that way cause we are responsible for doing the whole group.~

5b. THEME II: GROUPS NEED TO BE LESS INTERNA LLY STRUCTURED BY

INSTRUCTORS:

The group activities were hi ghl ystructured b ypre-assi gned rol es. Each person was assigned a rotating role within his or her cooperative groups as leader, recorder, explorer, or skeptic. The purpose of this is two fold. First it was the instructor´s wish to have ever ystudent activel yparticipat e in the group activities. The second goal of this strategywas to expose students to various roles scientists assume.

The group leader is responsible for initiating the discussion and maintaining the group´s focus. The explorer´s job is to generate new ideas and tr yto expand the group´s focus. The skeptic listens carefull yto the arguments made b yothers in the group to look for weaknesses or inconsistencies. As well as contributing to the general discussion, the recorder is responsible for writing the group´s consensus report to be submitted for grading. A det ailed explanation of the roles is given the students on the first da yof class, both verball yand in writing. Yet, even with a verbal and written explanation, students universallyreported that the ydid not follow the roles, much less understand the function of each role.

Students reported that the ydid not feel that the roles were necessar yfor their group to be productive. The following comment is representative of the general student viewpoint:

^I guess no one fights over what they want to do. Everyone just takes a job and does it. We don´t really have a leader. I´d say, one of the girls is more skeptical than the others and we have one that´s in the middle that´s really quiet. I think the same work gets done either way.~

The onl yrole that was consistentl yutilized and rotated b yever ygroup was the rol e of recorder. About half of the cooperative groups form all yutilized the role of the leader and most groups did not use the roles of skeptic and explorer. Man ystudents who participated in the focus groups did not even know the difference between those two roles.

Other than not knowing what the dut yof the four roles were, three main reasons emerge as to whythe students do not use assigned roles in their respective cooperative groups: poor class attendance, time constraints, and personalities dominate over assigned roles. Poor attendance drasticall yhindered the consistent use of roles. Man ygroups had onl ythree members due to a member who was habituall yabsent. Hence all four roles could not be adequatel ypla yed. The two roles sacri ficed b ythe vast majorit yof the groups are explorer and skeptic. Time constraints are also an important factor. Students reported that utilizing the roles required more time than was allotted for the activit y. Students argued that if the yassumed their ^natural roles~ that the group activities run smoother and faster. A student in a focus group defended this b ysa ying: ^I think those [the assigned roles] are natural roles. Somebody can´t be a l eader if they´re not, if they don´t have l eader abilities. I mean, if someone wants to write they should write, or if someone wants to lead and that´s natural for them to be the leader, then they should.~

To partiall yvalidate these results, a surve ywas given at the end of the semester to assess how students felt about the cooperative learning groups and the internal structure of the groups.

All of the data corresponded to the data received by the focus groups performed at mid-semester, except for the students´ opinions about the assi gned rol es. At mid semester, the students who participated in the focus groups reported that almost none of the groups used the assigned roles.

B ythe end of the semester 50%, of the students reported on the surve ythat the ywere conformable with the roles and no change was necessar y. It is unclear as to what changed the wa ystudents viewed the assigned roles. One h ypothesis is that the students felt that the yhad more of an impact on the structure of the course at the time the focus groups were held due to the fact the ywere held mid-semester rather than at the end. After the focus groups were held and preliminar yinformation was rela yed back to the instructors via the moderators, the instructors reminded the class about the use of the roles and how import ant it was to use them. After reminding the students to use the roles, perhaps the students tried to use the assigned roles, and discovered it worked. This h ypothesis cannot be supported b ythe present data but merits additional investigation in future studies.

5c. THEME III: COOPERATIVE GROUPS SUPPORT THE LEARNING PROCESS

This maybe the onl yarea where there exists a complete consensus on a theme. Ever y student reported that the ybelieved the ylearned the course material better through the aid of the cooperative l earning groups. Man ystudents claimed to learn more effectivel ywhen engaged in hands-on activities. Other students reported that the act of discussing the mat erial with their peers solidified the concepts in their memories.

^It´s just that we discuss it and if there´s one person who doesn´t understand then they don´t have to they to explain it to themselves. Y ou can also understand it more when you´re trying to explain it to somebody else or. � I really feel like I understand it better because of this class.~

^I think it helps. It helps you to learn to listen to others´ ideas and incorporate them into your thinking. �It helps because you l earn to write it out and talk to each other. It helps you absorb it a little bit better than if you did it on your own.~

This claim can not be independentl yverified b ya two-group comparison stud yat the present time. In the next year, the Astronom yDiagnostics Test, developed by Slater, Hufnagel, and Adams (1999) will be available to compare student achievement in this course with other similar courses.

5d. THEME IV: BALANCE OF TIME ALLOCATED TO LECTURE AND GROUP

ACTIVITIES

Although the authors observed that few groups are still working on activities during the final three minutes of class, students in both the focus group interviews and in the followup surve ystated that there was not enough time allotted to adequatel ycomplet e the activities.

Interestingl y, the groups that were most vocal about the time issues were usuall ygroups who did not work well together, mainl ythe random and mixed groups. The familiar groups t ypicall y reported sufficient time to complete the activities. This raises an intri guing question: Should additional class time be made available to the students in order to complete the activities, hence eliminating additional lecture time? A possible solution maybe to shorten the group activities. If so, would abbreviating the group activities result in students believing that the yhave not learned the concepts as well as the yare currentl yreporting? This issue is indeed worthyof additional investigation in the future.

5e. THEME V: EXTANT GENDER ISSUES IN SOME COOPERATIVE GROUPS

The initial motivation for this qualitative studywas to uncover an ygender issues that might occur when implementing collaborative learning groups. In other words, the issue most closel yfocused on was gender for this study. However, to the authors´ surprise and deli ght, an y serious problems relat ed to gender that occurred within the groups were apparentl yabsent.

There seems to be no obvious correlation between gender and opinion of the cooperative groups, or with how the yare structured when viewed through focus group interview transcripts.

Occurring once in each type of focus groups, students suggested that male personalities could overpower femal e personalities in the cooperative learning groups. In a mixed gender focus group, a fem ale stated that she did not alwa ys feel femal es had an equal voice in their cooperative groups. A male replied that the females were too passive. A represent ative comment was:

^There´s three guys in the group and then there´s me and I´m a girl. One of the guys for the longest time really talked down to me and they´d work a problem and I´d put my input in and he´d look at me and say, ` And do you understand?´~

Although it appears that there are not ser ious issues in the majorit yof groups, observations of group d ynamics, report ed elsewhere, mi ght provide more insight into the prevalence of these important issues that are onl ybriefl yglimpsed in focus group interviews

(Adams, Adrian, Brissenden, Slater, and Wallace, in preparation).

6. Discussion

The anal ysis of the focus groups transcript suggest that the cooperative learning groups are effective at assisting students in processing and learning the course material. There are some factors, however, that hinder how efficientl ythis instructional strategyoperates in the large enrollment course for non-sci ence m ajors. Clearl y, the most important factor, apparent in four out of five themes, was poor attendance. The lack of attendance of students inhibits how well the cooperative learning groups work in numerous aspects: group formation, use of rol es, and how effectivel ythe groups aided in the learning processes of the participants to name a few. The unfortunate realit yis that large universities oft en encounter poor attendance within large general science classes. The question arises then as to should emphasis be placed upon the students who are alwa ys present and let the others fall b ythe way side? Or, alternativel y, should the instructor focus on the students who rarel yshow up to cl ass, and find wa ys to entice them to attend more often? Regardless, the regular use of cooperative learning groups and the placement of a substantial weight of the group activities as a part of the final grade, students are enticed to attend class more often than normal. Moreover, using the group activities further supports students in gaining a deeper understanding of the subject materi al.

A substantial conflict occurs when students with two extreme t ypes of motivation are placed in the same cooperative learning group. This is a result of the process of self-formed groups whi ch produces var ying group compositions, some of which do not work well together.

It is clear that the wa ythe self-formed cooperative groups are created has room for improvement and needs to be s ystematicall yexplored in future studies.

One option is to form temporar ygroups for the fi rst three weeks, then form permanent groups afterward. It could be forewarned to the class that perm anent groups would be formed so the students will keep this idea in the back of their mind while working in the temporar ygroups.

B yestablishing t emporary groups for the first few weeks in the semester, the instructors would still establish the tone for the course at the beginning of the sem ester. This method also eliminates the cooperative groups consisting of students who enter the class lat e in the semester.

This waythe students will have multiple class sessions to experience group work with man y different students, and make an educated guess as who the ymight and might not work well in a group setting with. The students who are alwa ys present have a chance to recognize other students who are also alwa ys present and possibl ycould be relied upon. Man ystudents in the focus group interviews expressed the need for more time to form their respective cooperative groups.

^I agree about giving us a little more time in picking our groups. I think a lot of it. I think if you had more time to pick groups, you´d get more people who work responsibility instead of just picking the person nest to you~

^They [the instructors] could have told us at the beginning and then in the next three classes we´re going to be forming groups to try and get some people lined up on who you want to be with.~

The biggest problem with this scenario is that groups of dependable students would form as well as groups composed entirel yof students who are constantl yabsent. The s ystem of cooperative group learning will then benefit the students who need the least amount of help to begin with, while leaving the students who reall yneed to be attended to b ythe wa yside.

Another possibilit yis to form homogenous groups. This also has the advantage of getting students together who pot entiall ywork well together, but its disadvantages are numerous.

For homogenous cooperative groups to be established correctl yrequires a trem endous amount of time from the instructors, which is not often available. Homogenous groups also often need to be switched mid-semester for various reasons. The most compelling argument against setting up homogenous groups within a large lecture setting is that it is conflicts with focus group dat a suggesting that the most effective groups were the familiar groups. With homogenous cooperative groups there is a high pot ential that most, if not all the groups will be either mixed or random. From the data obtained from the focus groups, this could be detrimental to students´ and instructors´ objectives.

The optimal number of students in a learning group is also a concern. There is a continual debate among the academic communit yas to what the best size is for a small cooperative group. Many students in the focus groups indicated that the ypreferred three people per group rather than four. One student stated,

^I think three would be better cause we have a problem sometimes with what we´re doing when the other two are arguing with us two.~

Fortunatel yman ystudents inadvertentl yend up with three people in their cooperative group due to habituall yabsent member. One student said, ^I think all of us pretty much has three people.~ Accordingl y, forming groups of three in the future mi ght inadvertentl yform groups of two, or even one.

Another issue still to be addressed is the exact necessit yof assi gned roles within the cooperative groups. According to the data obt ained in the focus groups, the answer is no. The vast majorit yi gnore the roles complet el ywith the exception of the recorder and perhaps the leader. The argum ent that students provided was that the roles were unnecessar yto complete the tasks in a timel yfashion.

^In all the work that we do there is not really a need for a skeptic or explorer or whatever they say it is. Lately, it´s pretty basic. It´s just kind-of obvious and points us in the right direction. So, I don´t know. If you were the skeptic or explorer, you´d just sit there all the time. Some people agree no matter how you say it anyway. I mean, we don´t have a group skeptic. We don´t need to do that. If they don´t agree, they say it.~

Other times students stated that an activit yma ybe extremel ydifficult, and the use of roles would require more time than was available to them. This raises another unresolved question: are assi gned roles necessar yto obtain efficient and effective small cooperative groups?

The results from the focus groups transcripts suggest no, roles are not necessar y. However, written surve ys conducted at the end of the sem ester paint a ver ydifferent picture.

Approximatel y50% of the students surve yed either reported using the roles or like having the roles. This discrepanc ycould happen because of a number of reasons. One reason the surve ys were more optimistic in the use of roles within the groups was because the surve ywas given at the end of the sem ester. The students might have become more accustomed to the other students in the group and finall yfelt conformable using the roles. An alternative h ypothesis is that the students who participated in the focus groups were inform ed that the information obtained from the focus groups would be used for future course improvem ents. For this reason, students were more inclined to voice their opinions in an effort to see the changes this semester. However, in the end-of-t erm surve ys, students mi ght have felt differentl y.

Overall the focus groups interview provided a t remendous amount of positive feedback.

The students were universall yadamant about on how well the yfelt the ylearned the m aterial, and how this would not have happened within a conventional lecture setting.

Acknowledgements

This work was funded in part b ythe Montana State Universit yDepartment of Ph ysics and the

US National Science Foundation supported "Science and Engineering for All (SEA) Project"

(NSF HRD 9618855). Appreciation is expressed to individuals who helped conduct the focus group interviews: Gina Brissenden , Universit yof Wisconsin at Madison and American

Astronomical Societ yEducation Office, Rebecca Li ndell -Adrian, Universit yof Nebraska at

Lincoln, and JoyWallace, Science and Math Consortium for Northwest Schools, and Larr y

Watson, Montana State Universit yDepartment of Physics.

References

Adams, J. & Slater, T., 1998, Mysteries of the Sk y(Kendall Hunt Publishing)

Adams, J., Adrian, R., Brissenden, G., Slater ,T., & Wallace, J. 1999, manuscript in preparation

Astwood, P. & Slater, T., 1997, J. Geoscience Education, 45:3

Cox, C. & Carpenter, J., 1991, J. Elem. Sci. Education, 1, 14

Dennis, T. R., 1990, The Teaching of Astronom y(Cambridge Universit yPress), 101

Duncan, D., 1999, Mercur y, 28:1, 14

Fraknoi, A., 1996, Astronomical Societ yof the Paci fic Conference Series: Vol. 89 (San

Francisco: Astronomical Societ yof the Pacific), 9

Francis, G., Adams, J.P., & Noonan, E.J., 1998 , The Physics Teacher, 36:7

Mazur, E., 1997, Peer instruction: A User´s Manual (Prentice Hall)

McDermott, L., 1991 , Amer. J. Physics, 59:4, 301

Mestre, J. P., 1993, AAPT Announcer, 23:4, 41

Morgan, D., 1988, Focus Groups as Qualitative Research (Sage Publications)

Rischbieter, M.O., R yan, J.M., & Carpenter, J.R., 1993, J. Geoscience Education, 41: 3, 208

Slater, T., Carpenter, J., & Safko, J., 1996, J. Geoscience Education, 44:6

Safko, J., 1988, in The Teaching of Astronom y(Cambridge Universit yPress)

Slater, T. 1997 , J. College Science Teaching, 26:5, 315

Slater, T & Astwood, P., 1995, J. Geoscience Education, 43:3, 216

Slater, T., Hufnagel, B, & Adams, J., 1999, paper present ed at Amer. Ast ro. Soc. meeting in

Chicago, IL USA

Slavin, R., 1991, Educational Leadership, 48:5, 71

Sokoloff, D.R. & Thornton, R.K., 1997, The Ph ysics Teacher, 35:6, 340

Stewart, D. & Shamdasani, P., 1990 , Focus Groups Theor yand Practice (Sage Publications)

Wills, M., 1999, MSc thesis, A Studyof Collaborative Learning Group D ynamics in an Inquir y

Based Ph ysics Course

Zeilik, M., 1997 , AAPT Announcer, 26:4, 63

Zeilik, M., Schau, C., Matter, N., Hall, S., Teague, K. W., & Bi sard, W., 1997, Amer. J. of

Physics, 65:10, 987

Zollman, D., 1990, The Physics Teacher, 28:1, 20

Table 1 ˘ Collaborative Group Learning Activities for Introductory Astronomy

Designing an Observatory

Lenses and Telescopes

Star Charts

Trigonometri c Parallax

Stellar Spectra Classification

HR Diagrams

Spectroscopic Parallax

Stellar Evolution

Galax yClassification

Hubble´s Law

Distances to the Moon and Sun

Tracing Epic ycl es

Determining the Orbit of Mars

The Phases of Venus

Mapping the Solar S ystem From Earth

Moon Phases

Table 2 ˘ Exploration Focus Group Script for Collaborative Groups in Astronomy

Introduction: Hi. M yname is ___________, and I amvisiting Bozeman fro m____________.

T he reason that we are conducting these group interviews is that those of us involved in this project, which includes yo ur instructors, are interested in lear ning more about what is going on in this class from the students´ perspective.

T he infor mation that is gathered fro mthese interviews will be used to make further course impro vements.

Specifically I want us to talk about the small group lear ning activities. What yo u think about them, what yo u like about them, and what you don´t like about them. Most importantly, I want yo u to talk to each other instead of to me.

It is important that yo u kno w that no ne of yo ur co mments will be shared directlywith your instr uctors. I plan to tape record the intervie w so that we can review your co mments b ut yo ur instructors will not listen to these tapes until after the end of the semester. Anyco mments that you make will be reported anonymously. I hope that this will make yo u feel free to answer my questions openly and honestly. If you are not co mfortable with any aspect of this, yo u are free to leave and you maykeep yo ur ^upgrade coupon.~ If there are no questions, we will begin.

1. Whydid you decide to take this particular class? [ if no one volunteers - What have you heard about this class from other students?]

2. One of the differences between this class and manyothers is the use of lear ning group activities. T his is so mething that I wo uld like to explore further. Could yo u please describe ho wyou came to get in the learning group that yo u are wor king with no w? [ if no one volunteers - Tell me about the people in your group, are they friends or people that you met in class?]

3. One of the things that yo ur instructors have done is to assign specific roles within the gro up for each activity.

Ho wdoes your group RE ALLY work? [ if no one volunteers - Tell me about who does what in your group and how that relates to the titles you sign your name next to.]

4. Ho wdo you feel that the use of these group activities has affected your learning of astronomy? [if no one volunteers - Tell me about how this class compares to other classes you are taking right now]

5. Is there anything that yo ur instructors need to kno w as theymake revisions to the class?