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Abstract:

We consider the nature of group dynamics in small cooperative learning groups in the inquiry-based
physics course Physics 201: Physics by Inquiry. Our study was motivated by observed changes in the
behavior of some students as they participated in various groups during the Spring 1998 semester. In
order to understand the origin of these behavior changes, approximately half of the class was
interviewed concerning their group experiences.

The results of these interviews suggested that students could be categorized into five different group
learning styles, and that certain combinations of learning styles led to positive’ productive group
dynamics, while other combinations led to internal group friction. The strongest predictor of group
interaction appeared to stem from a student’s previous experience with the course subject matter;
students with some background in. physics had extreme difficulty working with novice learners. A less
strong but noticeable predictor related to the students’ self-confidence as learners. Students without
previous physics knowledge could be classified into four levels of confidence, and it was found that
extremely confident students had difficult working with extremely insecure students.

We formed hypotheses for organizing cooperative learning groups with successful group dynamics
based on this categorization scheme, and applied them to two sections of Physics by Inquiry in the Fall
1998 semester. Students from this semester were then also interviewed. We found that, when our
grouping strategies were implemented, group . success rates increased from.36% in the Spring 1998
semester to 75% in the Fall 1998 semester.

However, data from the Fall 1998 semester revealed several secondary problems. Non-traditional
students were observed to conflict with traditional students in certain circumstances. When students
with previous physics experience were grouped together, problems with the curriculum became
apparent. Finally, assigning multiple groups throughout the semester was found to have negative
effects on student interactions. Our original hypotheses were modified to help rectify these problems.

We conclude that our cooperative grouping strategies are extremely effective for creating groups with
positive and productive dynamics. We compare them to grouping techniques used in other studies, and
we discuss the potential for wider implementation.



- A STUDY OF COOPERATIVE LEARNING GROUP DYNAMICS

'IN AN INQUIRY-BASED PHYSICS COURSE

L by |
Meredith Jennings Wills-Davey

A thesis submitted in partial fulfillment
of the requirements for the degree

of
Master of Science
in

~ Physics

MONTANA STATE UNIVERSITY-BOZEMAN
: Bozeman, Montana

" November 1999'




APPROVAL

of a thesis submitted by

Meredith Jennings Wills-Davey

This thesis has been read by each member of the thesis committee and has been
found to be satisfactory regarding content, English usage, format, citations, bibliographic
style, and consistency, and is ready for submission for the College of Graduate Studies.

Dr. Jeffrey Adams x/C ?

Approved for the Department of Physics

Dr John Hermanson
(*Signature)

Approved for the College of Graduate Studies

Dr Bruce R McLeod
(Signature)

(Date)

K-T-M

(Date)

(Date)



iii

STATEMENT OF PERMISSION TO USE

In presénting this thesis in partial fulfillment of the requirements for a master’s
degree at Montana State University-Bozeman, I agree thét the Library shall make it
available to borrowers under the rules of the Library.

If I hiave indicated my intention to copyright this thesis by includipg a copyright
notice page, copying is ailowable only for scholarly purposes, consistent with “fair-use” as
prescribed in the U.S. quyright Law. Requgéts for permission for extended quotation
~ from or reproduction of this thesis in whole or in parts may be granted ~only By the

copyright holder.

Date 1{-5-94




iv

~ ACKNOWLEDGEMENTS -

This work would not have been possible without contributions from a variety of
sources. I would like to thank the students who agreed to be interviewed, both for their

candor and the valuable information they provided:

BriAnne Burgess - Kelley Hurley . Jennifer Posivio

* Kari Chaffin Naomi Kelm Margaret Richardson
Reid Christensen Anne Kent _ Alan Roos
Juline Cox - Melissa Kuhs Michelle Shadel
Laura Depaoli Alethea Lambert David Shobe
Brielle Erickson Jacqueline Larson Deborah Solberg
Stephanie Ewald Nancy Lenhardt Katharine Taylor
Malinda Gates Molly McLain B John Thornley
Sheila Gobert : Buck Measure Lindsey Turner
Richelle Goff Tara Moeller Rachel Turner
Christi Hargis Ana Morris Breanna Underwood
Robyn Harris Michelle Nazelrod Erin Washburn
Renae Hofer Darci Owen Holly Wheelock

Kathleen Picard

I would also like to thank the graduate students, staff, and faculty who donated

their time as interviewers:

Jeffrey Adams Thomas Brown Timothy Slater
Patrick Bernathy Rebecca Lindell Adrian George Tuthill
Christine Brick Gregory Francis Melissa Wright

Finally, I would like to thank Jefferson Crowder, who served as my co-instructor dﬁring
the Fall 1998 semester of Physics by Inquiry, for allowing me to implement my hypotheses

on cooperative group dynamics in his classroom.




TABLE OF CONTENTS

Page

1. INTRODUCTION \...ooiitieiiii et c e 1

A Brief Description of Physics Education Research ......................ccoevvvii.) 1

The Motivation for our Study .................... e e e e ann 3

2. EXAMINING STUDENT BEHAVIOR ... i 5

Procedure .........coovuiiiiii 5

Data ..o 6

Personality Descriptions .............. e e 6

Hierarchy Descriptions ..:....................coooveein. ... e 8

Types of Students Observed .......................... e e 11

Previously-knowledgeable ..................... e e 11

Aggressive-confident ............................... P 14

Cooperative-confident ..................cccooioiiiiiiniiniiiiiiie i, 16

Cooperative-uncertain ......................cceevueeeunieieeieeneee i, 18

Passive-uncertain ................................ U 19

Problems Uncovered by the Interviews ................................ e 21

Group Pace ... 21

Extreme Heterogeneity ................... EUUTT RO RURURR e 23

Group Success Rate ....... ... 28

3. OUR RESULTS VERSUS RESULTS OF PREVIOUS STUDIES ........ SRR 31

‘Reviewing Comparable Physics Education Group-work Research ............... 33
Towards the Implementation of Successful Cooperative Groups '

. in Inquiry-based Learning ..................................... e 43

4, IMPLEMENTATION AND FOLLOW-UP .............c.coooiiiiiiiiii i, 46

Results of the Follow-up Study .......................... U 49

Group SuccessRates ..., U 49




vi

TABLE OF CONTENTS—Continued

Page

Demonstrations of Improved Group Dynamics ....... e, 54

-Extreme Heterogeneity ............ s e, 54

Diversity in Group Pace ..o 57

Presence of a Distinct Leader .................................... e, 60

Problems Arising during Implementation ........................................... .. 62

Non-traditional Students ..................c.....ooooi e 62

Previously-knowledgeable Students and Expected Coursework e 68

Group-switching Backlash .................... ... 71

Improvements for Future Implementation ............................................ 76

5. DISCUSSION ..........o.ocoimomiosreeeeeie ) e, SR 79

Conclusions of our Study ... ... 719

Implications for Use in Other Environments .................................... e 83

Future Study ..o 86

BIBLIOGRAPHY ........ooooioeisoeeieoee e SO SRR UOUOUORRR 88
APPENDIX: DISCUSSION OF THE STUDENT

CATEGORIZATION INSTRUMENT ............ccoviiiiie . e 92

Instrument Development .........................oooooioe. ... ST e 93

Problems with the Categorization Instrument .......................ccooiiiii . 96




Table

vii

_ LIST OF TABLES

Page
. Group Composition in Relation to Group Success .

for the Spring 1998 Semester....................... e SO 29
Distribution of Students According to Cooperative

Group Learning Categonzatlon for the Fall 1998

SeMESter.........ooeiiiiniiiii i TSR 47
Organization of Cooperative Learning Groups

according to Group Learning Clas51ﬁcat10n for :

‘the Fall 1998 Semester................................... [T e, 48




viii

LIST OF FIGURES

Figure : _ , | Page

1. Student Group Learning Style -Catégorization
Question Tree. ... ... 94

2. Instrument Implemented to Determine Group .
Learning Categorization for the Fall 1998
SEMESLET. .. ..ottt e 95

3. Modified Student Group Learning Style
Categorization QUeStion Tree..............coome e 99

L]




ix

ABSTRACT

We consider the nature of group dynamics in small cooperative learning groups in
the inquiry-based physics course Physics 201: Physics by Inquiry. Our study was
motivated by observed changes in the behavior of some students as they participated in
various groups during the Spring 1998 semester. In order to understand the origin of
these behavior changes, approximately half of the class was interviewed concerning their
group experiences.

The results of these interviews suggested that students could be categorized into
five different group learning styles, and that certain combinations of learning styles led to
positive, productive group dynamics, while other combinations led to internal group
friction.” The strongest predictor of group interaction appeared to stem from a student’s
previous experience with the course subject matter; students with some background in .
physics had extreme difficulty working with novice learners. A less strong but noticeable
predictor related to the students’ self-confidence as learners. Students without previous
physics knowledge could be classified into four levels of confidence, and it was found that
extremely confident students had difficult working with extremely insecure students.

We formed hypotheses for organizing cooperative learning groups with successful group
dynamics based on this categorization scheme, and applied them to two sections of
Physics by Inquiry in the Fall 1998 semester. Students from this semester were then also
interviewed. We found that, when our grouping strategies were implemented, group .
success rates increased from 36% in the Spring 1998 semester to 75% in the Fall 1998
semester. _

However, data from the Fall 1998 semester revealed several secondary problems.
Non-traditional students were observed to conflict with traditional students in certain
circumstances. When students with previous physics experience were grouped together,
problems with the curriculum became apparent. Finally, assigning multiple groups '
throughout the semester was found to have negative effects on student interactions. Our
original hypotheses were modified to help rectify these problems.

We conclude that our cooperative grouping strategies are extremely effective for
creating groups with positive and productive dynamics. We compare them to grouping
techniques used in other studies, and we discuss the potential for wider implementation. -




CHAPTER 1

INTRODUCTION

i

A Brief Description of Physics Education Researph

Physics has a reputation as a difficult academic subject, both td learn and to teach.
As one of its main goals, ‘Fhe burgeoning ﬁeld of physics education research strives to
make physics more accessible to students. This is being done largely through a
reexamination of the natu're of subject material, the effectiveness of teaching techniques,
and the appropriateness of assessment procedures. Progressive instructors are moving
towérds more conceptual — rather than fonnula;based mathematical — uﬁderstandinés of
physics concepts. The more didactic methods of instruction, such as large-enrollment
lectures or recitation sessions, are giving way‘ to classrooms in which students are more
actively involved. Student discussion is encouraged, with students often being challenged
to quesﬁqn and justify results. Laboratory activities are moving away from exefcises that
merely verify well-known experiments, and instead are focusing on creating cognitive
coﬁﬂicts which challenge students to confront and resolve their own non-Newtonian
preconcebtioﬁs. |

One teaching environment that has gained popularity in the physics education
: cbmmuﬁity is .the small cooperative learning group. These groups typically consist of 3-4

students, and are organized with the expectation that the students within the groups will

]




2.
work collectively towafd some common gqal, such as solving problems, producing a.
group 'project, or learning des‘ignated squect ;rulaterial. The use of ccl)operative léarning
_groups is not new. There are relevant and compelling sociological studies dating back to
the mid-1950s. However, with the recent onset of physics education research as a
recognized field within the disqipline of physics, the pﬁysics commupity has renewed
interest in thls style.of leafnjng in the hope of improving student under_standing.

‘ Myriad studies have examined the effectiveness of cooperative learning groups for
teaching physics. Since laboratory work already has a history of usiﬁg small groups, many
of the recént studies (Cottle & Lunford, 1995; Emkey, 1979; Heller & Hollabaugh, 1992; -
Heller, Keith, & Anderson, 1992; etc.) have used cooperative leafning groups as'a
supplement to more traditional lecture-based teaching methods, using the discﬁssion
.format to focus on problem-solving ékills. In most of tﬁese.cases, students were organized
. to work quantitative problems individually with help from fellow group members. In some
other cases, the group was assigned to work collaboratively on a single solution to a
posed problem. |

Other research (Shaffer & McDermott, 1992, for example) examined cooperative
groups as a potential format for all instruction, with a strong focus on conceptﬁal
understanding. Here, rather thén the more free-form discussion of problem-solving
sessions, instructors would interact with the students through Socratic dialogue, providing

an environment of guided inquiry. At least two curricula have been created that take

students through the guided inquiry process: McDermott’s Physics by Inquiry and Laws’




Workshop: Physics.

The Motivation for our Study

This study was inspired by an instruétor’s observation of student behavior during
the Spring 1998 semester in a non-lecture-based physics course using cboperative group
learning and guided-inquil-'y techniques to teach physics. This particular physics class was
. Physics 201: Physics by Inquiry, a coursé. ;)ﬁ'ered at Montana State University - Bozeman
.primarily for pre-service elementary school teachers using curricula derivec_l from

McDermott’s Physics by Inquiry. The population of the section under study was

predominantly female — seventeen women and two men — and included many students who
were extren.lely ﬁnfamiliar with, and in some cases even “phobic” of, pﬁysics. Students
were for the most part of traditional age, and with the exception of dﬂe Native American
student, all were Caucasianf* |

While cooperative group learning had been used sincé the inception of the course
in 1995, effecti-ve techniques of student gropping were not considered before this study.
Students created self-formed groups on the first or second day of class’ and remained in
those groups thr.oughouft the semester. In the Spring 1998 vsemester, the instructors
implemented mandatory group switching to allow students to interact with members of the

class outside their initial groups. The initial groups were still self-formed, but the three

- “ Because of the lack of gender and ethnic diversity, we did not_-consider these variables separately in our
study. , .

T For some semesters, the first day of class is devoted to social activities, so that students can have some
interaction with all of the other members of the class before choosing groups.




"
subsequent rounds of groups were instructor-éssigned. There was no particular instructor
motivation behind grouping assignments.

When the instructors reassigned groups, they noticeci obvious changes both in
individual student behavior and in overall group dynamics.. Some students appeared more
dominant or passive depending on their group. composition. Others seemed engaged and
interactive in (;ne group, only to instigate conflict in anotl;er. To understand these
observed “personality” changes, nine students were interviewed from the Spring 1998
semester. Surprisingly, the informati.on provided in these interviews proved more useful
asa diagr.lostic of group dynamics than as a window into the temperaments of individﬁals.
Unmistakable patterns emerged, which suggested that the nature and success of dyhamics
in small cooperative learning group§ was not only understéndable, but often predictable. .

The aforementioﬁed informal observations motivated the principlé research
‘question for this study: Based 6n limited initial student—'proﬁded data, is it possible to
organize cooperative learning groﬁps in which all students will be engaged, pfoductive
cont'rif)utors and learners? The following chapters present the results of this study.
Chapter 2 offers data and conclusions derived from the inten}iewsAof the Spring 1998
students. . Chapter 3 compares our resulfs with those of other studies of cooperative
. learning groups, and discussés sinﬁladtie; and diﬁ'eren_ces. For Chapter 4, we implement
the hypotheses derived in Chapter 2 in two sections of the Fall 1998 oﬁ‘eﬁng of Physics by
inquiry and discuss our findings. Chapter 5 6ﬁ'ers our conclusions and implications for

use of our findings by other instructors.




CHAPTER 2
EXAMINING STUDENT BEHAVIOR
Procedure

Our study was motivated by observations of changes in student behavior as groups
wére re,orga.niz'ed‘. Nine undergraduate students — out of a class of nineteén — were |
interviewed about their group learning experiences in Physics 201. Six of the interviewees
were selected because the instructors noted their behavior changed from group to group.
The other thrée students appeared to behave consistently in all groups, and were chosén to
function as a quasi—'contr.ol gréup. The interviewérs had no contact Wlth the students
before or after their interviews. The interviews were performed indiﬁdudly with the .
interviex;vers working from a script. " Students were prompiced to describe their-pér_sonal
experiencés in their first three learning groups. They were asked specifically about how
"they'interacted with other students in their groups. The interviewer focused the questions
on the various roles each student played, their subsequent behavi(?rs, and on the hiérarch);
that foﬁned within each group. Students were.also asked to describe positive or negative
experiences within each group. |

The interviews were audio-taped and traﬁscribé’d. The investigator (.)rganized
quotes from the interviews into three overarching categoﬁes: participation, hierarchy, and

group dynamics. These categories often overlapped and were used mainly to group




6

corﬁmehts about similar topics. The “participation” category focused on the level of
invol'{rement of each student in a group; the “hierarchy” category discussed issues such as
leadership and general group organization; and the “group dynamics” category regarded
the social interactions between grdup members.

Because the investigator was interested in changes in students’ roles from group to
group, students’ personality traits weré cross-referenced. Iftwo interviewees provided
radically different descriptioﬁs ofa pal_'ticular student’s behavior in different group
settings, the motivation'for these personality changés would be considered; if not, it would

suggest that group organization alone led to chénges in a student’s behavior.

Data

Personality Descriptions

In most cases, student descﬁptioné of fellow group members’ behavior were
consistent, regardless of group or personal relationship. Negative traits received m(;re |
attention than positive one.s, and most interviewees had the~‘same negative reactiéns to t.he'
same students. Thus, there were considerably more data on some students than others. In
such detailed cases, no extefnal descriptions proved inconéruous, and the only
inconsistencies in self-reports arose where students were not -aw.are of their own negative
characteristics. As é.n example, one student is descriBed by members of her threé different

groups:




The girl that liked to ask the teacher the answers to questions, she liked to stop us
a lot, just for the fact that she didn’t really like fo think for herself, and so we’d
say, “Well, think about it. Thisis...” and she 'd say, well, no, she wanted to ask
. the question.
Member of student’s first group

[W]e would be trying to explain [a concept] to her... [b]ut it seemed like she
. always had to return to [the instructor], instead of asking, instead of a group
discussion of what we all thought. .
Member of student’s second group

[1]f there wasn’t something that she understood, she wouldn’t confide in us so
much, but would ask the TA [teaching asszsz‘ant] more, rather than trjyzng to work
it out within the group or something.

Member of student’s s_econd group

She 'd ask a question, and we 'd set out to try and explain it, and we ’d get the first
couple sentences out and she’d like, “[Instructor’s name]!” .... And that kind of
irritated me a little bit because she wouldn't let us get our ideas out.

Member of student’s second group

[I]f it’s [the interviewee's answer] not what she got, theri she doubts herself. You

know, she’ll be like, “That can’t be right,”...and then usually calls for a third

opinion. -
: Member of student’s third group

Even her self-description was consistent, albeit somewhat more chantable

I think the only way I ran into problems was when they felt like they knew the
answer, like, they knew that they had the right answer, and I doubted. Iwas kind
of. like, edgy, and so other people in the group were kind of edgy, so I1'd usually
ask, and I think that would frustrate some of them when they were right. They’re
like,. “Just listen to me. I have the answer.” So that was kind of frustrating to
them, that sometimes it would help to ask the z‘eacher ‘cause they 'd put it into
different terms.

Self-description

When student descriptions diverged, it stemmed from a lack of detailed description

on the part of some interviewees. In particular, this seemed to occur when a student had




failed to leave an impression. In one instance, some interviewees offer personal

descriptions of a student:

Qur other group member kind of played the passive role, but she thought of
questions that we never asked, really deep thought questions maybe? She would
come up with a question out of the blue sometimes.

Member of student’s second group

AS" kind of works at a pace between the two of us. She’ll be with BA as far as

moving at the same pace, but then she and I work similarly in how we get our

answers. We think real similarly. :
: Member of student’s third group

while others discuss her only in vague, generalized terms:

Mostly, they [the other group members, whzch zncluded this student] did all the
questions.
Member of student’s first group

-~

[E]verybody else [the other group members including this student] kind of
watched, mostly because they liked to chat. .
Member of student’s second group

Hierarchy Descriptions

Interviewees were asked to describe themselves and fellow group members in the

context of group roles and, specifically, a group hierarchy. Two repeating themes

emerged. In'most groups, a specific hierarchy was present and students described it as

static:

INTERVIEWER: Do the roles change very often, or do you guys all kind of do
the same thing all the time?

STUDENT: I would say, well, in the three groups I've had, they probably don’t
change much.

" When students refer to each other by name in interviews, a two-letter anonymous representation of the
student’s name has been used. Two-letter representations were assigned randomly to each student, such
that they have no relatlon to the student’s actual name, and are used self-consistently throughout this

paper.




In these cases, all the interviewees in a given group identified the same student(s) as the
leader(s). Although the actions of the leader varied from group to group, he or she was
considered the “smartest,” or most knowledgeable in the group:

ND, I guess, would be kind of the leader in that group, because she was more
- boisterous in her ideas, and the rest of us were kind of, like, holding back,
because none of us had had any of that in our school.

| I'would s@ that RS was probably the.leader. She would go out and get .-
everything and just start putting things together. It just clicked for her.

It is interesting to note that the person students named as the leader didn’t necessarily
contribute positively to the group, and in some cases, serious problems emerged:

STUDENT: They [the leaders] were so fast-paced, and I kind of got it. They just
kept working and 1 felt like I had to work extra-fast to keep up ...
INTERVIEWER: Do you think they knew this?

STUDENT: Yeah. It didn’t matter.

[Y]ou’d say one [an opinion], but she d never think that yours was right, even if
yours actually was, so it was hard to convince her. The other three got along a
lot better, because we would, like, talk about it, whereas she 'd just like, “No, it’s
thisway.” You ’re like, “No, really, it isn’t.”

HC, in this group, wenit ahead of everyone. I guess he’d look at the questzon and
say, “Well, that’s easy!” and write down two things, and raise his hand and ask
[the instructor] or a TA [teaching assistant] to check us off. And he was getting
us into trouble for a couple classes ‘cause they would say, “Well, your group’s -
not ready.”

There was a definite leader who always was leading everything and just z‘ook
control, didn’t really give anyone else a chance fo do that.

ND would already know it. She’d just write down an answer, just right away, but
to me it felt like she knew everything and her answer was “the word,” and so

she ’d write it down. That’s where she would get into trouble a lot; she wouldn’t
discuss it and stuff, and [the instructor] would come over and say, “Well, how dzd
you get this answer?” and it was not the right way of doing it.
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In fact, students more often reported negative experiences with group leaders than
positive o;les. o -

Beyond group leader, other student roles were more difficult to classify. Some
students described themselves as skeptics or questioners and some acknowledged their
limited contributions to group disc'ussion:

I'was always considered the quiet one.

[S]ometimes I'd just kind of sit there, and then they’d notice that I didn’t know
what was going on, and they’d help me.”

On the whole, however, no group roles consistently stood out other than the grouI; leader.
In two of the groups, a distinct lack of leadership was present. In these cases,
students failed to fall into definite roles and no hierarchy emerged:

STUDENT: At any given time, we all contributed pretty well. I think, if one
person started doing too much, the others would take part more. And that
_happened, I think. One person maybe setting it all up at one time, but then

~ another would try to get involved more. :

INTERVIEWER: And it could have been anybody? It wasn’t sort of one person
kind of running the show?

STUDENT: No, no. Right, right.

INTERVIEWER: So you took on more of a leadership role in the second group?

STUDENT: It was definitely more shared.

INTERVIEWER: So, is there any hierarchy you would give to that second group?
. STUDENT: No, not in that group.

In groups that lacked hierarchy, students instead described group roles as moving naturally
between members:
I thought it [the leadership hierarchy] changed quite a bit. Sometimes people

would initiate different activities. 1'd come in, one person would get it going one
day and we would start followzng along, and there might be another person the

next day.
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We all took turns depending on what section we were working on. In one section,
MW would have been more-of a leader ... :

It is important to note that students consistently described these non-specific role groups

as their favorites. '

Types of Students Observed

: in interviewees’ descriptions of themgeIVes and others, clear learning and -

participation s_tyles’r emerged. "Even if students’ own roles changed from group to group,

their basic attitudes towards learning and thei; interactions with other people did not vary
sfgn_iﬁcantly. Based on descriptions from our nine interviewees, §ve found that the |
nineteen students in the course displayed'ﬁve distinct sets of traits. We named them as:
previpusly-knawledgeable, aggressive-confident, cooperatfve—conﬁdent, céopefativg-
uncertain, and paséive-uncertain. These categories were 'derived more from group
personality than academic prowess. In fact, we found no relation between academic

achievement and group confidence }

Previously-knowledgedble Two interviewees and one non-interviewee stood out
due to their previous knowledge of and comfort level with physics. In this case, all three

had had positive experiences in high school physics courses. The two interviewees saw

T Our use of the term “learning styles” refers to the way in which students seem to learn within the

. cooperative learning group environment. We do not consider it related.to similar terminology — such as
the “cognitive styles” used by Miller, Wilkes, & Cheetham (1993) - alﬂpugh possible correlations
between our observed “group learning styles” and other typse of learning styles may exist.
A natural bias seems to exist, especially in group learning, that people who are outgoing and self-
confident are naturally higher achievers; a lack of talking conveys a lack of understanding. In fact, the
instructors found that it was not unusual for a particularly withdrawn student to be academically
successful (perhaps due to overzealous studying stemming from insecurity with the subject matter) or an
outgoing student to perform poorly (perhaps due to overconfidence with the material).
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themselves as more knowledgeable and, in some cases, smarter than their fellow group
members:
With my first group, it was currents and electric circuits and Sz‘uff, and
understood that... I know how some things should function and how they should
not, just from that knowledge, and then my other group members pretty much
didn’t have a clue. .
' Previously-knowledgeable student
1 think the reason, mostly, that I assume the leadership role is that I have the most
science background.

Previously—knowledgeable student

[M]aybe I m just a little bit quicker on the draw ...
. Previously-knowledgeable student

I've basically done balances and stuff like that sz'nce elementary school, so it’s
ingrained in me. I know what’s going on; I know what’s supposed to. happen and
there’s a couple members of my group that I'm not sure have had that much
experience... ' 4
Previously-knowledgeable student
These comments suggest that “previously-knowlédgeable students” encountered no new

" material in the course at all. One student went so far as to make the statement:

Usually, not everyone would know the answer to the question when it was asked....
Previously-knowledgeable student

This statement is interpreted v;co mean that the activity questions were there to probe the
knowledge of other group members and not his own.

Other students indicated that they were aware of the knowledge level of their
‘ previously—knowlgdgeable group members and more credibility was given to ;c-heir
opinions. Each of these students was the leader in evel;y group he or she participated in

and none of them were involved in groups that lacked a hierarchy?®.

¥ One previously-knowledgeable student described her third gioup as lacking a hierarchy by saying:
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Previously-knowledgeable students were also characterized by the fast pace at
which they combleted tasks. This pace was often resented by other members in their
grc)ui)S'

They both have so much physzcs background That was my hardest group,

probably '

g " Aggressive-confident student
There was one that, like, really knew it, and he just, like, wthped through it, and
 the rest of us would be like, “Huh?”
Cooperative-uncertain student

No interviewee described a pre\}iously—knowledgeable student as retarding his or her work
pace; however, in some cases, previously-knowledgeable students demonstrated patience

with the work of other students and occasionally served as resources.

[He] hdped us through some stuff we didn’t understand.
Aggressive-confident student

And then sometimes, it was good, because he knew so much, he could explain it a
little better, because you really didn’t get much explanation.— well, you do when
you're trying to check it — but most of the time it’s just your own group, and so it
was good to have someone who knew a little more... '
Cooperative-uncertain student

With this group, there’s probably an equal balance. There’s no one leader. We all take turns
setting up, we all take turns, you know, just “Hey, let’s do this.”
Previously-knowledgeable student
However, descriptions of that same group by another interviewee and in the instructor’s report painted a
very different picture:
ND really took on a dominant role. She felt like she knew everything. She would explain
concepts to us; it was like she would talk down to us. And she wouldn’t give us time to discuss...
Passive-uncertain student
ND was very domineering in dealing with her other groupmates. While a level of organization
can be productive, ND controlled virtually all of the work done and conclusions drawn by this
group.... She felt the need to run all aspects of the experzments someltimes preempting work
already done by her fellow group members .
From instructor’s report
In this case, we concluded a hierarchy was present despite the student’s self-report.
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Well, she tried to help us, ‘cause she would say, “What do you understand, FF? »

and 1'd say, “Yeah,” or else if I didn’t understand, I'd say, “Well, I don’t

understand how you re getting this answer here,” and she 'd explain it to me..
Passive-uncertain student

In general, previously-knowledgeable students functioned as group leaders, and tended to

dominate the hierarchy.

Aggressive-confident Two interviewees who possessed no physics background
nonetheless emerged as strong and dominant students. They stood out largely because of
their self-confidence as learners. Although they had never encountered any of the physics |

concepts, they felt they had a better grasp than other group members and saw themselves

as resources:

[L]ike, in circuits, that was my strongesz‘ area, and I felt like other people would

look to me.
Aggresswe-conﬁdent student

I guess I explain things, and zf she has a question, I ’ll step up and try to give her
an example that she’ll understand or relate it to something else.
Aggresswe confident student

Like the previously-knowledgeable students, they also were comfortable working at a
faster pace than the rest of the group. They expressed frustration with students who did
not quickly grasp concepts:

[W]hen we start doing stuff, she’ll say, “Well, I don’t understand.” I'm like, “It
says it right there. We 're going to measure this and measure that.” I would say
it’s a little frustrating. _
' Aggressive-confident student
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She 'd always have to maybe ask a question that’s maybe not needed? I suppose
every time we come up with-an answer, or at the end of an experiment, she’s like,
“Well, that doesn’t make sense,” or “That can’t be.” Andwe’ll say, “Well,

what’s wrong?” or “Why?” and she kind of doesn’t know, but she just doesn’t
think that could be the right answer.

Aggressive-confident student
It appears that most other students failed to differentiaté between previously-
knowledgeable and “aggressive-confident .students,” but these students themselves were
keenly aware of their more experienced classmates. Aggressive-confident students clearly
- felt hurried apd inti'ﬁﬁdated by previously-knowledgeable st;iden'ts. More than others,
 these students perceived the previously-knowledgeable students as impediflg their learning

process:

I don’t know if I felt... I was maybe a little intimidated, but maybe I was thinking
that he is so smart, why should I open my mouth? I might say the wrong thing.
And then after — you know, like, in the first group, I understood circuits really-
well, and then we started going into voltage and all that, and so I understood it
Jjust as well, but he kind of put a cap on everything we had to say, just because he
was already two steps ahead of where we were thinking then. ,
Aggressive-confident student

Their comfdrt v;/ith the physics concepts led aégressive-conﬁdmt students to
initiate group discussions and handle equipment more often than their peers. However,
they expected fellox;v group members to behave similarly and they expressed some dismay
at the apparent lack of participation:

It’s not even a race, because you all leave at the same time. ... think the people *

that are maybe slower at it, they feel like, in the past, they 've always had to keep

up, so they 're trying to add as much as they can, so when they come up with the
answer, they just have to fill in the blank.

Aggressive-confident student
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I suppose I learn better ...if I'm talking or I'm active, when I’'m doing stuff with
my hands, or if I'm actually measuring, And in most of my groups, everyone
says, “Well, here, you do it. Idon’t want to do it.” They’ll push it t0 someone
other than themselves.
~ Aggressive-conﬁdent student
Unfortunately, attempts to motivate other students often did not prove successful. One
interviewee describés her efforts to increase group discussion:
- I'd usually Zry and make little comments, like, “What are you writing?” or
“What do you guys think?” or “We should talk about this,” or “Do you guys
want 1o go over it?” You know, just kind of subtle little hints.
. Aggressive-confident student

However, another member from the same group saw the prior student’s qu‘estioning as
‘hurried, answer-driven, and unproductive:

[S]he 'll go so fast that she’ll get off on her own thing. And she’ll be like, “Well,

did you get the same thing 1 did?” And I'm like, “Well, I'm still a couple pages

behind you there. I'll tell you when I get there.” And she does so much thinking

~out loud that 1 just kind of block her out...

Cooperative-uncertain student

It would seem that the motivations and actions of aggressive—cohﬁdent students were at

* cross-purposes; in their attempts to generate greater participation among group members,

their behavior often frustrated their peers or was misinterpreted.

Cooperative-confident We élassiﬁed students as “cooperative” if they seemed to
be comfortable in group settings. Unlike aggressive-confidents, “cooperative-confident”
students accommodated therr;selves to ar‘1y pace; they could keep up with previously-
‘knowledgeable and aggressive-confident students, but they were willing to slow down for
less confident grdup members. These students used their comfort with the material to

move the group forward, but they dealt with less able students more magnanimously than '
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their more aggressive counterparts. While they still functioned as leaders in some cases,

individual participation increased in groups lead by cooperative-confident students:

Everyone discussed and put input in, and then there was RC and BC [both
cooperative confident students] that mainly discussed, and me and LA followed
somewhat, and then we set up things, and it was, everybody was putting
everything in kind of equal; everybody had an equal share of what was going on.
When there was time to write an answer, everyone would discuss what the answer
was, so everybody would be clear what it was, and then we 'd all write our answer
down.

Passive-uncertain student

The behavior of cooperative-confidents depended largely on who they were grouped with.
They easily kept up with faster paced students. On the other hand, they w;are not afraid to
~ speak up when problems arose. For instance, one cooperative-confident described her
third group experience, which included a previously-knowledgeable student:
[This group was] a lot more fast-paced than my other wo groups, but that'’s okay,
because I feel comfortable enough to say, “I don’t know. We need to stop this
and someone explain it,” or “Let’s talk it through, and tell me how you think you
got it thisway.” . ' .
Cooperative-confident student
When grouped with more unsure students, cooperative-confidents saw themselves
as teachers or motivators. Unlike the aggress‘ive—conﬁdents, however, they did not seem
to claésify themselves aé “better” students and their attempts at helping were often more
successful:
DM works slower than all of us, and AS [a cooperative-éonﬁdent] and I, we help
her out a lot as far as helping her figure out which way she needs to go, not by
giving her the answers but by asking her questions to make her think of where she

needs to be. _
Cooperative-uncertain student
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Cooperative-uncertain’ These students were very similar to cooperative-
confidents in their work style and understanding of the material. However, they differed in
_ their level of participation. While cooperative-confidents were comfortable speaking up
and even contrdlling groupwork, “cooperative-uncertain” students rarely initiated
discussion and relied on more outgoing group members to seek them out. This meant that
cooperative-uncertains could be left behind in group discussions and sometimes had
trouble with more complex topics:

[V]oltage confused me, so I just kind of learned on that one, because 1 didn’t

really understand it. Occasionally, if I did understand it, I could help the other

ones in the group that didn’t, but that one I didn’t really understand so I Just
learned from the group.
Cooperative-uncertain student

She [a passzve uncertain] let other people run the show, and I did to some extent

too. They wanted to take on the leadership role like that, and I wanted to be

involved and so forth, but I didn’t want to do it my way all the time.... At times,
we'd feel a little bit left behind too, some of us; we d still be writing our data,

[and they'd be ] gettzng the experzmenz‘ ready, going on ahead.

Cooperative-uncertain student

In spite of their decreased participation, cooperati'{re-unc'ertain students worked very
effectively one-on-one with passive-uncertain students. They were comfortable acting as
‘mentors and offering encouragement when not the focus of the entire grodp. In several
instances, a cooperative-uncertain student served as a liaison between a passive-uncertain
student and the rest of the group:

There was one girl [a cooperative-uncertain]. I think she, like, could have stayed

with us, but she helped the other one [a passive-uncertain] a little more because

she kmew she was a little slower and look a lot more time to figure it out.
Cooperatlve-conﬁdent student

o

“Uncertain” refers to the students’ self-pérceived group roles. Uncertain students were less comfortable
initiating group discussions and tended to isolate themselves from more outgoing group members.
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'He [a cooperative-uncertain] was. like the people that was [sic] in the first group .
[in which she had a positive experience], because he 'd say, “Did you
understand?” and I'd say, “Yeah,” and if I didn’t, I'd ask him. 1 felt really
comfortable workzng with him.

: Passxve—uncertam_ student

I think I'm kind of more of a teacher to DM [a passive uncertain student]. If
. she 'll be working on homework and she doesn’t get it, I'll work with her after

class, to figure it out and help her with it. :
Cooperative-uncertain student

While cooperative-uncertain students were not active group participants, they
were better than passive-uncertains about voicing complaints or opinions, especially in
relation to focus or group pace:

[S]he Il ramble on about what she thinks the answer is, and then she’ll be like,

“Well, what did you get?” “Well, I'll tell you when I get there.” I just kind of

" block her ouz‘ until I've done the work to where I'm happy with what I've got.
Cooperative-uncertain student
. We’d do an experiment, and often times each of the individuals would write down
their own conclusions without sharing them, so I would try to slow the project
down that way and ask them some questions about it...
Cooperative-uncertain student

| Cooperative-uncertain students were aware of their limits and were less willing than most

to be rushed through an activity.

Passive—uncertain Studen'ts'who' exhibited quiet and withdrawn group behavior

were considered “passive.” These students might develop a relationship with a sihgle
student within a group, but spoke very little and spent most of their time writing or
observing. “Passive-uncertain” students were the least comfortable working in groups.

Although most ultimately developed an understanding of the material, they avoided -
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contact with the equipment and had to be dragged almost forcibly intb, discussions. The
one passive-uncertain student interviewed described her quiet behavior as ingrained:
I should learn to speak out more, but I've just been raised where speaking out
isn’t right, that it’s wrong..."’
: Passive-uncertain student

Other students felt this behavior stemmed from a lack of self-confidence, and expressed -

frustration at-such passiveness:

Some people don’t like to do stuff in fear of messing it up... :
Previously-knowledgeable student

We wanted to at least make sure she would participate... I actually ran into her
and said, “No, just go for it. Who cares if it’s dumb? Just, you know, throw it
out there, and we’ll talk it through. It doesn’t matter.” You just have to
participate. No questzon is a dumb question. '
Cooperative-confident student

Passive-uncertain students also seemed to require additional time to learn concepts. The
behavior of passive-uncertain students led to faster, more vocal students creating upsetting
stereotypes. Tn one instance; a previously-knowledgeable student saw quietness as
negative and related it to a lack of understanding:
There's quiet people in the group, and if you 've got a loud person, that’s going to
draw them out. That’s better for the quiet person. And the loud person is
practicing skills of communication, gozng, “She’s really quiet. 1 need to make
sure she’s understandzng this.”

Previously-knowledgeable student .

But, when a passive-uncertain student describes a scenario similar to the one above:

11 1t should be noted that this student was of Native American descent, and her passive nature appears to
stem froin a strong cultural background. Future studies will offer a broader sample of self-reports from

passive-uncertain students.
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ND really took ona dominant role. She felt like she knew everything. She would
explain concepts to us; it was like she would talk down to us. And she wouldn’t
give us time to discuss... a
Passive-uncertain student

Such student reactions serve as an important reminder of the distinction between ability

and personality.

Problems Uncovered by the Interviews

Although the interactions among these five types of students led to several

successful groupings, these were overwhelmed by students’ negative experiences. Two

broad categories emerged from analysis of the interview transcripts:

- Group Pace

Virtually every student complained about the pace of at leaét ‘one groui). In fact,
the instructor noted that all groups appeared to work fairly evenly. Tasks were assigned '
for‘each day, and only rarely did a group fail to finish within the two-hour time limit. This
is not to say that.all groﬁps finished simultaﬁeously; typically, a gréup would take between
75 and 120 mi_nutes to complete a module. However, even within this narrow time frame,.
students felt pressured ;co wor.k at a pace with which they were uncomfortable.

Most students complained of feeling rushed. Their complaints were consistently

directed towards previously-knowledgeable or aggressive-confident students: |
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[T]hey moved very fast and I just kind of tried to keep up with them... just,

“Come on, let’s keep going.”  We were usually finished an hour before the rest of

the class every time, and that was a hard pace for me to keep.
Aggressive-confident student d1scussmg two
previously-knowledgeable students

It can be frustrating sometimes, because BA will get done on her own so quickly,

and she’s so loud, and she’ll keep “What'd you get? What'd you get? What d

you get?” and I'm still behind her, and she doesn 't wait for us.
Cooperative-uncertain student discussing an
aggressive-confident student -

I wanted more time to explore experimentally a bit more in depth, and we didn’t

get to do that at times. I wanted a bit more time to actually look at things, instead

of comzng in, performing it, writing down the numbers, and getting out of class.
Cooperatlve-uncertaln student

~ Most of the previously-knowledgeable and aggressive-confident students accepted a

slackened pace, albeit unhappily. Unfortunately, their groupmates seemed to sense this

 hostility, and this often led to tension within the group:

It feels like, if I could go at my own pace, I'd g0, go, go‘and get done a lot faster.
Aggressive-confident student .

[A] lot of the time I think he thought, “Gee, this is pretty simple and I wish I

could just get it done and leave,” and the rest of us were like, “Well, we don’t

really know it, so we want to go a little slower.” :
Cooperative-uncertain student discussing a
previously-knowledgeable student

In some c;ases, a pace dichotomy formed, eithér of an individual functioning
separé,tély from the rest of the group, or the group splitting into two pairs:

There’s one gal in there [a previously—knbwledgeable student] ... she’s pretty

. quick with things-too. She goes ahead quite a bit, and often times myself and

another gal in there, PM, feel that we 're always playing a catch-up game.
Cooperative-uncertain student
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STUDENT: [W]e work together, but we work separately at the same time. We’ll
do the work; and thenr we'll kind of get together, and see who got what, and if
we 're the same, then we 're happy, we go on, and if we 're different, then we Il
break it down to see where [the problem is]. We ’ll all help each other out along
the way.

INTERVIEWER: I’'m getting the impression that it doesn talways operate as a
group. You do things separately and then you just talk for a few minutes.
STUDENT: Uh—huh Real separate.
.Cooperative-uncertain student
Two pairs working separately produced more positive results than the psychological tug-
of-war produced in groups where a single member forged ahead. However, the

instructors had hoped to develop successful groups of four, and these groups failed to

accomplish that.

Extreme Heterogeneity

The work pace of a given student related to how quickly he or she grasped the
material. Unfortunately, most students took work pace as a proxy for ability; faster
students were perceived to be more intelligent and vice versa. Previously-knowledgeable
students expressed frustration with slower group members, but they attributed a slackened
work speed to laziness or lack of intelligence:

' We [two previously knowledgeable students] would really fly through it, because
we really helped each other out a lot. The girl that liked to ask the teacher the
answers to questions, she liked to stop us a lot, just for the fact that she didn’t
really want to think for herself... _

‘ ' Previously-knowledgeable student -
In one glaring example of the dichotomy that developed between slower- and

faster-paced group members, two students — one previously-knowledgeable and one

passive-uncertain — described an incident where they worked on an assignment together at
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the end of a class period. The instructor observed conflict between the students, and after
the encounter, the passive-uncertain student approached the instructor, unconvinced of the
methodology used by the previously-knowledgeable student. It was discovered that the
passive-uncertain student had an accurate understanding of the material and the
previously-knowledgeable student had completed the assignment incorrectly.
In her interview, the previously—knoWledgeable student recounted the incident.
She did not recall that her work was incorrect. Inétead, she remembered her disagreement
with the passive-uncertain student as stemming from a deficiency on her group member’s
part:
One of the girls in the.group, I guess she has not had a great math background,
and most of the members of my group left, and I stayed there to make sure she
understood what was going on... And you know, if she doesn’t understand the
math, she needs help of some sort. And I was willing to do that, but there are
times when you just go, “Oh! Here’s a calculator! Go!” But it’s a matter of, I

don’t think she had the math skills to be able to do this, or the math learning
skills inside her head to be able to do some of this stuff quick like the rest of the

group. -
Previously-knowledgeable student
it never occurred to the previously-knowledgeable studept that‘she hgrself could be
incorrect.
Such excessive self-assurance unfortunately led td decreased c'ooperative learning.
Two scenarios emerged. In one case, a previously-knowledgeéble student would see him-
or herself as a “teacher:”
They looked to me going; “Oh, hey, you have experience in this.” And I'm going,
“Okay.” So that was interesting because I could teach, and I could learn some

more to make sure my past knowledge was what it should be.
Previously knowledgeable student
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In groups which are organized to produce an-end product — a report or a problem set —
such “group teaching” is usually a goal of the instructor. In the case of inquiry-based
learning, however, instructors wish to achieve maximum participation on the part of all
-group members and such “teaching” is generally viewed as detrimental.

R'em,embéring that the present course is designed for pre-service elementary school
teachers, it could be arguéd that, for this particular group of students, self-teaching would
be an acceptable approach. Unfortunately, the “teaching” techniques used by previously-
knowledgeable students were suspect:

[1]f she didn’t understand, I would, you know, “Here, you need to do this and you

need to do this. You get this number so you can do this with it.”

Previously-knowledgeable student
This previously-knowlgdgeable student has failed to make a distinction between teaching a
concept and giving an answer. In other cases, previously-knowledgeable students had
trouble communicating with their fellow students, who expressed frustration:

[H, ]é knew how it would go, and we were like, “Maybe it’s supposed to go this

way,” and he 'd try and explain. I think he, like, knew more than what you need to

know for the class. Like most of the people in the class haven’t really had much
physics, and I think he had, so he was really more advanced, and so it was harder
for him to explain it, because he almost knew too much.

: Cooperative-uncertain student

If we were trying fo understand something, instead of just trying to explain it,

she’'d try-and teach it.... And there was [sic] times when we started a new

concept, and it was really basic, so she'd try and make it harder than it was...

Shewas really hard to deal with.

: N Passive-uncertain student -

In spite of the fact that the students were all future teachers, previously-knowledgeable

students unilaterally failed to demonstrate productive teaching methods.
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Alternatively, previously-knowledgeable students who weren’t trying to function
as instructors tended to dissociate from the groups altogether:
We all worked, us three, and then HC [a previously-knowledgeable student] was
kind of over there, doing his own thing.
Aggressive-confident student
Since students were graded on the success of their group dynamic, with all students in a
group receiving the same score, this became a source of genuine concern, albeit one that

presented no easy solution:

I think he really didn’t like the group thing. He kind of said that now and then,
‘cause you know you get graded on your group, and when he would move ahead,
 he would get a lower grade for his group, but it’s really not his fault, because he
' just knew more, and so I think it was harder for him, ‘cause it’s hard, when you
know a lot more than the other people, to slow down. -

Cooperative-uncertain student
In a single instance, a~group managed to incorporate a previously-knowlédgeable student
by what appeared to be sheer force of will on the part of 2 cooperative-confident
student™. She focused on their future roles as teachers: " .
[B]ecause when we teach elementary school kids, we 're not just going to say,
“This is the answer.” There’s got to be a process. '
Cooperative-confident student

At the other end of the spectrum, more advanced students (not necessarily -

pfeviously-knowledgeable) occasionally expressed frustration at working with paésive—

H This particular group contained a previously-knowledgeable student, a cooperative-confident student,
and a cooperative-uncertain student. It should be noted that, while the previously-knowledgeable student
was a traditional-age college student, both remaining group members were returning students above
traditional age. Our follow-up study (see Chapter 4) finds that in some cases, students above traditional .
age function similarly to previously-knowledgeable students, and provides a reasonable explanation for
the successful dynamic of this group.
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uncertain students. Complaints stemmed from an observed léck of confidence and the
resulting diminished participation:

- I'd say, “Oh, well, why don’t you do it this time?” ... because it would be a lot of
“Well, what do you think?” and it would drive my nuts. “Well, okay, what do you
think it is?” you know, so that some people would participate more and give an

.answer. That was pretty frustrating, and it lead to a lot of, “Let’s take a break.”
Cooperative-confident student

In some cases, the passive-uncertain students were genuinely more comfortable letting
more confident students handle the equipment:
I wasn’t very comfortable with the setting up when we did voltage. I had missed a
day ..., but there was setting up the circuit using the amp and the volt. Iwasn’t
very comfortable about it, but him and ND would set things up.
’ Passive-uncertain student
Most passive-uncertains, however, did not see themselves as less capable. Rather, they
felt pushed aside by faster students:
[S]he atways wanted to be the one that measured, like found out how much it
weighed. Like if anyone else would do it, she’d like, “No, no, no, no, no,” and
she 'd take over and do it but not really show you. 1 think she had more of a math
background, so she'd come up with all of these equations, and we 're like, “Hold
on, we don't really have to do that. You've just got to weigh it. ”
' : Passive-uncertain student
One passive-uncertain student, relating a particularly negative group experience, said:
[I]n the third group, it just shut me down. I didn’t want to try because the person
was so dominant. - -
Passive-uncertain student -
If this is the sort of response generated by students as a reaction to cooperative learning,

we must seriously re-examine our approach as instructors and our criteria for successful

group composition.
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Group Success Rate

A surﬁmary of the group comppsitions and their success rates is shown in Table 1.
Of the fourteen groups examinedA in this study, five demonstrated a “successful” group
dynamic. A successful groui) was one about which interviewees gene.rated positive
reporté characterized by.a high degree of pérticipation on the part of all group members.
All 'groups that lacked a hierarchy performed well, but several groups with a distinct group -
' leader still allowed the pg.rticipation of all' members. In_th_ese situations, the .1eader
functioned more as an organizer than a source for information. Successﬁxl_ groups seemed
fo draw from more limited, adjacen‘_c classifications, and most of them lacked an
aggressive-confident or a previously;knowledgeable member. It is interesting to note that
. all but one successful group® contained students from consecutive student class'iﬁcgtions
(for example, a passive-uncertain is not grouped with a cooperative-confident witﬁout also
being grouped with a cooperative—qﬂcertaini This probably stems from the .tendency of
slightly more copﬁdent students to act as “mediators” between the group and less
confident students (as demonstrated specifically with cooperative- and passive-uncertains).

Two gfoups were labeled “partially successful.” These were groups in which three
of the memberé worked well together and produced a plroductive‘ and-cooperative
dynami.c. The fourth member voluntarily withdrew from group participation. In both
these cases, the oﬁtside group members were pr'eviously-knowledgeable students,‘ and no

negative effects could be found from their lack of participation.

% This is the group mentioned in the previous footnote. See Chapter IV for more discussion. '




29

. Successful Partially Successful - Unsuccessful

CC, CU (x2), PU 'AC, CC, CU, PK AC, CU (x 2), PU.
CC (x2), CU, PU CC, CU, PU, PK PK, CC, CU, PU
CC, CU (x 2) PK (x 2), AC

AC, CC (x2), CU ) PK, AC, CU, PU
PK, CC,CU CC, PU (x 3)

AC, CC,CU,PU -
| PK CU (x 3)

TABLE 1: A breakdown of group composition in relation to group success. The student
categorizations have been abbreviated as follows:

PK - previously-knowledgeable

AC - aggressive-confident

CC- cooperatlve-conﬁdent

CU - cooperative-uncertain

PU - passive-uncertain
Most of the groups are four-member groups, but three groups consisted of only three
students. Students in italics indicate scenarios where three of the four members functioned
as a successful group, and the fourth member worked individually, with no real impact on
the group. :

A group wés considered qnsuc'cessﬁll if students reported predominantly negative
experiences about it, or if group members were unable to function in a reasonably
cooperative manner. The seven remaining groups fit these criteria. Problems within these
groups were ultimately cieriVed from extreme group héterogeneity. The most pronounced
difficulties involved preViéusly—knoWledgeable students — either a previously-
knc;wledgeable stﬁdent tried to assume “command” or worked at a pace that was
intolerable for most of the other group members. Even withoﬁt previously-knowledgeable
students, problems devéloped between faster- and slower-paced students; no successful
groupings were obseryed that placed aggressive-confident students with passive-uncertain
students. Here, problems manifested themselves mostly as pace-d'ichotomies within a

-

group. In one case, outright conflict resulted.
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In two cases, groups were created in which three students were in the same
“uncertain” classification and ‘the -fourt-h‘studént was in a m(;re “copﬁdent” classiﬁcatibri.
These groups were férmed with the intent that the more confident student would serve as .
a natural leader. In one ca.se, the group faltered becauée the three passive-uncertain
studénts failed to participate, leaviﬁg the coéperative—lconﬁden‘.c student to carry the group
single-handedly. In the second case, t_he previoﬁsly—knowledgeable student refusgd to let
the tilree ccsoperativéa-uncertain students participgte adequately and assumed an almost |
dictatorial role. |

We were puzzled that the groups that demonstrated the most difficulty seemed to
be of the type ﬁdst highly advocated by conventional literature recomméndations -
extremely diverse gréups, in which higher ability students have the opportunity to “teach”
those of lower ability. In our next section, we examine the justification for 'previous

conclusions on group learning, and see how well those goals match our own.
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CHAPTER 3
' OUR RESULTS VERSUS RESULTS OF PREVIOUS STUDIES

Previous research on collaborative small-gr;)up leaﬁﬁng has typical_iy produced
results different from those found in this study. Many previous studies (Cottle & Lunford,
1995; Emkey,1979; Heller & Hollabaugh,1992; Heller, Keith, & Anderson;1992; Luhet;ca,
1990; Miller, Wilkes, & Cheetham, 1993; Peterson et al.; 1984; Rau & Heyi, ,1990;-and
Webb, 1985, for example) hav'e examined similar examples of group learning. A typical
study looked at an introductory physics courses §vhere studénts, woﬂdng in groups of
three to four, were presentéd assignments that they were meant to-approach as a group.
As withqou.r Physics by Inquiry course; instructor _participation was mostly through
Socrétic dialogue. Several variations of student grouping were used. Cottle & Lunford
(1995) allowed students t§ form their own groups for each clasé period in which
cooperative groups weré uéed. There was no insfructor input, and grouﬁs were not
expected to stay together from one class period to the next (although no evidence is
presented as to whefher students actually rotated grc;ups or if they mostly remained in the
same group throughout the course). Two studies (Heller, Keith, & Anderson, 1992;
Milier, Wilkes, & Cheetham, 1993) rotated groups several times each ,quarfer, allowing -
the first round of groups to form randomly and then forrrﬁng subsequent groups. Hellér,

: Keith, & Anderson (1992) placed students into academically heterogeneous groups, and
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Miller, Wilkes, & Cheetham (1993) first organized homogenous ability groups before
proceed'ing to heterogeneity. The refnaining studies carefully organized students into their .
groups from the beginning.. In most cases, thesé groups were composed of students
displayiﬁg maximal academic heterogeneity (Emkey, 1979; Heller & Hollabaugh, 1592;
Rau & He.'yl, 1990); however, Webb (1985) compafed groups of heterogeneous ability to
mo-re uniform groups. | | |

Most of these studies concluded tﬁat a cooperative group environment was
| beneficial to all (.)f the students'inVOlved._ Furthermore, studies that exaﬁﬁn_ed group
composition argued that groupings of .maximal heterogene#y demonstrated the strongest
“positive” results. The consensus interpretation for collaborative group learning
advocated by these investigators 1s that ﬁfore advanced students will aSSist novice group
members w1th difficult éoncepts. The truism is that the more advanced student is forced »
to organiie and clarify his or her knowledge' by teaching, while the novice student benefits
from an additional source of information. As Lunetta (1990) states: “The less-skilled
student profits from the insights and explanations of the more talented student. The more
talente({ student can enhance learning by talking through the material with others énd

1 All students come away enriched.

responding with questions.
Our results, in contrast, strongly suggest that maximal heterogeneity was actually

~ related to the greatest problems in this type of learning environment. Moreover, it appears-

that the most advanced students were even detrimental to the overall group

! V. N. Lunetta, “Cooperative Learning in Science, Mathematics, and Computer Problem Solving,” in
-Towards a Scientific Practice of Science Education, ed. M. Gardner (Hillsdale: Lawrence Erlbaum -
Associates, Inc., 1990), 239. :
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1earning experience, hindering both the learning of more novice students and failing to
advance their own understanding. In this chapter, we highlight how our data differs from

traditional norms and suggest some causes based on interviews.

. Réviewing Comparable Physics Education Group-work Research

Att.empts to study group learning tend to start from the assumption that interaction
with other classmates will draw stqdents‘ into the learning process and ultimately allow
students to internalize more of the course material than they might in a more detached '
'setting, silch as a lecture environment (Emkey, 1979): There is also the hope that active
discussions and encouraging cooperation will improve problem solving skills (Heller,

' Keith, & Anderson, 1992; Heller & Hollabaugh, 1992).

. Many group learning efforts start with three basic premises: 1) maxin'lal
heterogeheity provides the most productive work'environment, 2) the léaMng of group
‘members can be determined by cémpar@ng the highest score of an individual in the group
to the score given to the group as a whole, and 3) group success can be adequately
assessed on purely .acadelmic grounds This assessment is easy to administer widely and
definite results één be obtained Without the same time expenditures that might be required
in using focus groups or interviews. However, reviewed research studies tend to ignore
the assumptions behind these premises.

Consider the justification for maximal heterogeneity. Mbst' studiés cite Johnson et

al. (1984), who state: “More elaborative thinking, more frequent giving and receiving of

explanations, and greater perspective in discussing material seems to occur in




34

’2

heterogeneous groups...”” No evidence from specific research results is offered to

support this statement. Instead, their academic justification for heterogeneity is based on
the claim:

“It is obvious that low- and middle-achieving students have much to gain from
working in cooperative learning groups with high-achieving peers. In terms of
motivation and actual achievement, the largest gainers from working in :
heterogeneous cooperative learning groups are the struggling, low-achieving; the
next largest gainers are the middle-achievers.” [underline added]’

It is interesting to note that the idea of heterogeneous grouping has become so
ingrained that its validity as an effective teaching strategy is rarely questioned. As Good
& Marshall (1984) state:

The heterogeneous-homogeneous question [is] typically approached as a one-

variable problem. This is, much of the research is based on the belief that there is a

single answer to the question, Is homogeneous or heterogeneous grouping better?

This belief has probably led many investigators to study class heterogeneity

without carefully considering the types of students involved, the community being

served, the quality of instruction, and many other variables.*
In fact, it is this consideration of other variables which has generally been neglected in
physics education research. Most of the studies we considered either started with the
premisé that heterogeneous groupings were preferable, or they used assessment strategies
that did not directly reflect group dynamics (discusséd on.pages 38 and 39). However, in

studies which make more direct observations of internal group functions, investigators

have found that heterogeneous groupings are not necessarily the most favorable. Good

2D. W. Johnson and others, Circles of Learning: Cooperation in the Classroom (Edina: Interaction,
1984), 27. '

® Toid, 74. .

“T. L. Good and S. Marshall, “Do Students Learn More in Heterogeneous or Homogeneous Groups?” in
The Social Context of Instruction: Group Organization and Group Processes, eds. P. L. Peterson, L. C.
Wilkinson, and M. Hallinan (Orlando: Academic Press, Inc., 1984), 17-18.
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and Marshall (1984) give evidence that more “homogeneous grduping increase.d
. participation and involvement in academic and social activiti;as for most students,
especially slow learner_s.”5 Similarly, Webb and Kenderski (1984) observed that
“[s]tudents in. high-medium or medium-low groups [showed the most interaction], on the
average, and students in high-medium-low groﬁps [showed the least interaction], on the
average.”® These results suggest that extremely heterogeneous group's may be less
productive and positive group learning envirbnments than more _homogeneou_s ones..
The second premise, that the learning of individuals within tﬁe group can be
aeternﬁned by assessing group achievement, makes some very broad tacit assumptions.
J (I)hnson ei al. (1984), like many subseciﬁent studies (Cottle & Lunford, 1995; Heller &
Hollabaugh, 1992; Heller, Keith, & Anderson, 1992, etc.), seem to imply that the work
produced by the group accurately reflects the retained individual knowledge of each
student in the group, and that all group members are able to reach the same level of
_achievément as the highest-ability students within the group. For éxample, Heller &
Hollabaugh (1992)‘ state that, “[a]n examination of written problem solutions indicated -
that instructor-assigned groups of mixed ability (e.g., al high, medium, and low ability '

student) performed as well as groups consisting of only high-ability students... 7

3 Ibid, 20. _ . :

6 N. M. Webb and C. M. Kenderski, “Student Interaction and Learning in Small-Group and Whole-Class
Settings,” in The Social Context of Instruction: Group Organization and Group Processes, eds. P. L.
Peterson, L. C. Wilkinson, and M. Hallinan (Orlando: Academic Press, Inc., 1984), 162,

7P. Heller and M. Hollabaugh, “Teaching Problem Solving through Cooperative Grouping. Part 2:
Designing Problems and Structuring Groups,” American Journal of Physics 60 (July 1992): 641.
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However, these same studies base their results on outcomes produced by the group as a
whole. The group assessment techniques used say nothing about individual student
understanding. The assumption seems to exist that, as a result of their group experiences,
all come away with comparable grasps of the material.

If we reexamine the hypotheses researchers pose about interactions within such
heterogeneous groups, this reasoning may be inconsistent. As Johnson, Johnson, & Smith
(1992) state that:

~...oral discussion of relevant information has at least two dimensions: oral
explanatlon and listening. Both benefit the giver and receiver. The giver benefits
from the cognitive organizing and processmg, higher level reasoning, insights, and
personal commitment to achieving the group’s goals derived from orally

explaining, elaborating, and summarizing information and teaching one’s .

knowledge to others. The receiver benefits from the opportumty to utilize

others’ resources in their goal accomphshment efforts.®

The Johnson, Johnson, & Smith (1992) hypotheses of interactions between
“givers” and “receivers” are borne out by Heller & Hollabaugh (1992), who observe that

“the higher-ability student typically supplied the leadership by generating new ideas and

approaches to the problem, [and] the low or medium ability student kept the group on

-track by pointing out obvious, simf)l_e ideas...” While explaining. may help solidify

understanding, it seems unreasonable to expect that the “giver” can raise the “receiver” to
a comparable level of cognition, since the “receiver’s” learning is largely second-hand.

When we consider a further statement by Johnson, Johnson & Smith (1992), it becomes

8 D. W. Johnson, R. T. John, and K. A. Smith, Active Learning: Cooperation in the College Classroom,
(Edina: Interaction, 1992), 6.
? Heller and Hollabaugh, 641.
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difficult to justify in what context a consistent “giver-receiver” relationship can constitute
effective group learning:
The critical issue in understanding the relationship between cooperation and
achievement is specifying the variables that mediate the relationship: Simply
placing students in groups and telling them to work together does not in and of
itself promote higher achievement. It is only under certain conditions that group
efforts may be expected to be more productive than individual efforts. Those
conditions are clegrly perceived positive interdependence, considerable promotive
(face-to-face) interaction, felt personal responsibility (individual accountability) to
achieve the group’s goals, frequent use of relevant 1nterpersona1 and small groups
skills, and periodic and regular group processmg
" If students are placed in groups where higher ab111ty students are expected to
function as teachers or helpers to lower ability students, it seems that many of these
expected behaviors (for instance, positive interdependence or personal accountability) may
fail to materialize, in light of the unequal status that group members may perceive amongst
themselves. The supposed “contributions” by low- and middle-ability group members may
not be the independent thinking that Heller & Hollabaugh (1992) assume. Webb (1982) -
has evidence that “less proficient members [tend] to conform to the judément of more
proficient members, regardless of the quality of their judgments.”'! This suggests that
higher ability students may possess an extremely dominant intellectual role, and that the
lower ability students are more likely to be receivers than contributors of knowledge.

There is even evidence that group members are more likely to defer to perceived

rather than actual proﬁcieﬂcy. Steiner (1972) describes a study in which B-26 bomber

19 Johnson, Johnson, and Smith, 14.
11 N. M. Webb, “Student Interaction and Learning in Small Groups ” Review of Educational Research 52
(Fall 1982): 432. :
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crews were presented with problems in cooperative group situations.12 Pilots, which
tended to have thé highest status within crews, were the most successful in swaying
groups to their opinions, regardless of how correct their answers were. On the other
hand, gunners, vyhich tended to have the lowest status, were least suécessﬁﬂ. They also
had the most difficulty S\.Nayir.lg groups to'.their opinions when they were correct. The |
experience Steiner (1972) describes is not unlike the conflict discussed on pages 23 and
24, in whicﬁ a previously-knowledgeable student with an incorrect‘understanding ofa
problem refused to even consider the correct explan;cltion ofa passive-uncertain. Both of
these examples suggest that the dominance higher ability students experience in
heterogeneous groups rﬂay not only encourage lower ability students to function as
passiye learners, but if higher ability students possess an incorrect understanding of the
subject matter, they inay be more likely to influence their groupmates. Conversely, lower
at;ility students with correct viewg may not only have problems convincing their fellow
group members, but may actually be dissuaded from these views by higher ability students.
Neither situation is desirable. |
Noné of the physics education. studies clearly demonstrate that work in groups of
maximal heterogeneity ultimately leads to éains for all émdents. This would require
assessment of individual students groﬁped in heterogeneous groups in relation to a control
of st1‘1de.nts who learned by a more traditional method. Peterson et al. (1984) did perform
spch a study, and found a significant negative cdfrelation between perfdrma.r.lce on

" achievement tests and receiving explanations in groups. “One obvious hypothesis,”

121 D. Steiner, Group Processes and_Productiizity, (New York: Academic Press, 1972), 25.
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~ Peterson states, “is that low-ability students were being given the answers by others in the |
group, and they wrote down the answers without having ;1 clear underst.anding of how to
work the problems themselves.”" Such a result might be overlooked by studies that
considered a final group outcoﬁe as the qnly evidence of student gains.
| The third premise — ‘;hat aéséssment of a group project provides evidence of group

success — is even hardér to justify. Beneath this assumption lies the idea that group
succ'ess can be measured academically — a group whi(_:ﬁ solves problems correctly or
produces a report which receives a high grade has therefofe ﬁmcfioned suc:_cessﬁﬂIy —and
that high-scoring group outcomes can only be produced by groups that intera;:t '
- successfully. Most studies ultimately take this “end justifies the means” approach. Heller,
Keith, & Anderson (1992) assess their groups solely on outcomes, with the justification
that: - o

“In well-ﬁmctioning cboperative groups, students can share conceptual and

procedural knowledge and argument roles, and request clarification, justification,

- and elaboration from one another, so a better solution emerges than could be
achieved by individuals working alone. The results of this study suggest that this
type of collgboration did occur.”** '

While a successful group will ﬁlnctio;l as described"‘.above, no evidence is offered that a
group with 2 poor dynamic will produce outcomes which score poorly. In fact, in their

study of group dynamics, Miller, Wilkes, & Cheetham (1993) found that “[t]here is no

correlation between group performance and group conflict, or between group

13p. L. Peterson and others, “Merging the Process-Product and the Sociolinguistic Paradigms: Research
on Small-Group Processes,” in The Social Context of Instruction: Group Organization and Group
Processes, eds. P. L. Peterson, L. C. Wilkinson, and M. Hallinan (Orlando: Academic Press, Inc., 1984),
146. ' '
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»13 Althcugh the focus of our study does not consider

performance and groﬁp satisfaction.
academic criteria in general, our data élso found no appreciable difference in academic
achievement between students who participated in successful groups and students who
participated in unéuccessful ones. This impiies that, while outcomes-based -assesemenc can
be a good judge of group academic prowess, it is not necessarily reflective of successful
group interaccions.

It apbears that the aséumptions made by Heller, Keith & Anderscn (1992) are
reﬂected in many group learnirig studies. They believe that a good group will not only
share knowledge but will also paﬁicipate equally and enthusiastically. However, Awhen
many studies describe actual grcup interactions, myriad scenarios emerge which did not
typify good gr'ocp' dynamics. In some cases, groups exhibited distinct hiererchies:

“Some groups had a‘do‘minant student who railroaded the group into an approach

or problem solution. At the other end of the personality spectrum, a timid student

would be reticent of participating and often became the silent record-keeper for the

group.. 16
In other 'situations, studepts dissociateci from ‘the group entirely':'

“[S]cme students do not interact with their peers. These individuals tend to work

alone and do not contribute their ideas to other members of the group. Those who

work outside the group could not be identified based on their performance in the
»17
course. .

1P, Heller, R. Keith, and S. Anderson, “Teaching Problem Solying through Cooperative Grouping. Part
1: Group versus Individual Problem Solving,” American Journal of Physics 60 (July 1992): 635

15 3. E. Miller, J. Wilkes, and R. D. Cheetham, “Tradeoffs in Student Satisfaction: Is the ‘Perfect Course
and Illusion?” Journal on Excellence in College Teaching 4 (1993):43.

16 Heller and Hollabaugh, 641-642.

7 W. L. Emkey, “A Small Group Approach to Introductory Physxcs ” American Journal of Physzcs 47
(Augist 1979): 696.
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“In groups with four members one student was 1nvar1ab1y left out of the problem-
solving process. Sometimes this was the more timid student who was reticent to
ask for clarification. At other times, the person left out was the most
knowledgeable student who appeared to tire of continually struggling to convince

the three other group members to try an approach and resorted to solving the

problem aloné »18

Finally, some groups suffered from a distinct lack of cohesion, especially in situations
where the group’s main focus was problem-solving;

“[S]ome of the groups do not seem to ‘gel.” Here individuals tend to work by
themselves showing little or no participation within the group....”"

To try to 'eiimiﬁate such problems, Rau & Heyl (1990), as well as Heller,l Keith, &
Anderson (1992) and Johnson et al. (1984), advocate the assigning of roles within a group
"‘t‘o prevent more vocal, aggressive, or preco'cioﬁs studeﬁts from dominating group.
discussion.’;éo In these studies, role rotation 'seemed to enhance group dynamics
somewhat. Héwever, evidence presented by Skala , Slater, & Adams (1999) and Steiner
(1972) showed that role assignments may not necessarily serve tﬁe purpose intended by
Rau & Heyl (1990). Ska}la, Slater,. & Adams (1999) conducted focus groups of studerits
participatiﬁg in group learning activities within a Iarge-emollmeﬁt (200 students per
section) lgctﬁre-based course and found that, unless closely monitored, students often
deviated from their prescribed roles. . Specifically, “students did not always rotate the

position of leader. The student with the most dominant personality usually emerged as

1% Heller and Hollabaugh, 640.

1% Emkey, 696. :
20 W. Rau and B. S. Heyl , “Humanizing the College Classroom: Collaborative Learning and Social
Organization among Students,” Teaching Sociology 18 (April 1990): 146.
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the leader and remained the leader through the t;vhole semester.”! Slmllarly, Steiner
(1972) describes a study in' which students wete glven personaht;il tests and students were
'grouped in pairs in which one student had a more dominant personality than the other.
Pairs were then given a task, and roles were assigned such ttxat one student was given a
more dominant, directorial position. When the role of director was giveu to the less
dominant student, pairs-experienced a failure rate 27% higher than when more dominant-
students were assigned to direct, and 18% higher than control groups in which no roles
were assigned.”

Both ot‘ these studies suggest that attempts to assign roles ruay be counter-
productive. Not only is there evidence that students have dit‘flculty conforming to roles —
especially students with dominant personalities — but findings shouv that role assignments
may lead to less productive interactions. In addition, students in our interviews described
that, in their own successful groups, group roles seemed to move naturally from person to
person, depending on the activity at hand:

STUDENT: [In my favorite group], some people would set up the equipment

right away ...and another person was interested in the questions in the text more,

and I always felt like I wanted to coordinate it a bit, get it all going.

But...sometimes other people would set up the equipment too and the person

usually doing it was accepting of that. It was no big deal if somebody else dzd it

too, so it was good that way ... :

INTERVIEWER: [It] was.. fluid?
STUDENT: Yeah, I thought so.

2 . Skala, T. F. Slater, and J. P. Adams, “Qualitative Analysis of Collaborative Learning Groups in
Large-Enrollment Introductory Astronomy, Proceedings of the Astronomical Society of Australia (in
press): 6. : ' ' .

?2 Steiner, 56. .
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If roles had been assigned, students would have been expected to function in a particular
way within the group for some arbitrary period of time, and such intuitive role-taking and

‘switching might have been suppréssed.

Towards the Implementation of Successful Cooperative Groups in Inquiry-based Learning

Upon carefully' examining previous studies, we feel we possess a better
understanding of observed differences between our conclﬁsions and others? It is _importént
to remembér that, while previoﬁs studies have focused on collaborative small-group,
learning, they have been assessing traditional — rather than inquiry-based — physics
courses. The bhysics courses iﬁ question have also typically been directed towards science
and engineering majors, while .Physi.cs-by Inquiry concerns itself with a unique audience — '
the pre-service elementary school teacher. This creates two challenges that may not be
concerns in other. c.ourses: 1) students .Will prbsébly enter Physics by Inquiry with a far
greater range of backgrounds, fears, and expectations, and 2) if ;che students come away
frc?m ;che course with a less than positive and sucéessful experience, they might choose not
to incorporate similar activitigs into their own classrooms. The instructors are put in the
delicate po/sition of trying to challenge the étudents intellectually while ensuring their
success.

Therefore, rather than assess knowledge solely through exams (')r graded problem
sets, instructors Work very closely with all students and assessment takés place
continuously. Groups are not allowed to advahce more tflan a page or two in any one

module without participating in a discussion with the instructor. With a student-to-

rF
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instructor ratio of about 7-to-1, this enyironmen‘; aléo draws instructors much closer to the
group experience. InstructoArS are able to focus more closely on how students interact
with one another, but are also more acutely aware of tension and lack of productivity.

Where group learniné is (;fgen used to supplement more didactic physics
instruction, the outcomes-based assessment used by cited studies might be entirely _
adequate. Students who intend to focus on science and engineering at the college level
might be more likely to enter courses with similar backgrounds, gliminating the problems
presented by previously-knowledgeable students. If students are grouped ,_to'\'zvork
quantitative problems with a single correct solution, the “teacher-learner” relationship can
undoubfedly be more productive than students working indiﬁdually. Unfortunatély, when
all of the learning takes place i-n small groups and there ére many intellectual paths to a

correct understanding, as in our environment, we have found tha’_c the traditional
| approaches to group learning can fail.

Therefore, for the remainder of this study, we grouped two sections of Physics by
Inquiry, from the Fall 1998 semestef, drawing on the hypotheses develop’ed in Chapter 2. .
In order to implement our grouping strategy, we presented the students with a instrument
(discussed in ;che Appendix) on the first day of cléss whilc_:h allowéd us to categorize them |
Using the results of this in;trument, Wé then segregated previously-knowledgeable
studénts into separate groups which were not rotated into groups containing non-
pr;viously-knowledgeables. Because of the advanced understanding previously-
knowledgeable students already possessed, we expected to move thesé studénts through a

different, slightly accelerated curriculum to keep them challenged.
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After the previously-knowledgeéble students were segregated, the rerﬁaining
students were organized i_n moderately heterogeneous groups, making sure to only group
adjacent categories‘and include no more than two students from one cate;g(').ry.. We
avoided grouping students in any way that we felt might produce negative outcomes. . It
was felt fhat placing studerjts in detrimental situations solely for the sake of a control
group would be unacceptable teaching practice; therefore, groupings from the Spring
1998 semester were the closest we considered to a control group.

At the end of the Fall 1998 semester, we conducted interviews similar to those
conducted with thé Spring 1998 students. In this case, however, we attempted to
interview all of the students in both sections, providing us with thirty to forfy intérvi‘ews.
We determined that our grouping strategy would ‘pe successful if we saw a drop-off in
conﬂicfs and pace dichotomy, and a distinct increase in gtudent enjoyment and

participation. Our results are discussed in Chapter 4.
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CHAPTER 4
IMPLEMENTATION AND FOLLOW-UP

To test the validity of our conclusions, we used our results as a basis for formally
assigned group composition in both sections of the Fall 1998 Physics by Inqui}y coﬁrse.
A classification instrument (discussed in the Appendix) was created, which was
administered to students on the first 'ciay of class. The instmment was designed to be
sﬁnple enough_ that previously-keowledgeable students could be identified immedi‘ately.i
Two out of sixteen students in one section é_r}d eight out of eighteen in the other were
, iden’eiﬁed as previously-knowledgeable.

Previeilsly-knowledgeable students were grouped together exclusively, and an
accelerated curriculum was designed for these.‘ groups to accommodate the faster pace that
was expected to emerge. At the outset, all previously-knowledgeeble students were

_ consulted individually about' the implementation of a dual-pace curriculum, and all agreed
te participate. Due to slight changes in the curriculum, students participated in three
. groups during‘ the course of this semester rathe; than the four different groups' used in the

Spring 1998 semester.

* Tt was important that previously-knowledgeable students be identified quickly, as they were asked to stay
- after the first class meeting to obtain their permission to carry out the grouping experiment.

1 In the first section, the two previously-knowledgeable students functioned as a single group throughout

the semester. These are the only students who did not participate in group reorganization.
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The distribution of student types identified by the categorization instrument in each

section is shown in Table 2.

Student Type Number of Students Number of Students
in Section One . in Section Two
Previously-knowledgeable : 2 ' 8
Aggressive-confident 2 3
Cooperative-confident K 9 4
Cooperative-uricertain , 3 : 3
Passive-uncertain ot 0

TABLE 2: Distribution of students in each section according to their cooperative group
learning categorization.
Groups were then arranged according to the following criteria:

1. Previously-knowledgeable students were grouped together and in separate
groups from other students.

t

2. Non-previously-knowledgeable students were grouped with people from
similar or adjacent categorizations.®
This strategy led to the twenty-eight combinations of student learning groups shown in
Table 3. These groups were the focus for this portion of the study. In all, 34 students |
were impacted, and 31 of these students were interviewed  concerning their group

experiences using a script similar to that used in the interviews of the Spring 1998

! According to the responses given on the instrument, no student identified him- or herself as a passive-
uncertain. While it may be that no passive-uncertains enrolled in the Fall 1998 sections of Physics by
Inquiry, we must acknowledge the possibility that the instrament was flawed. “This is discussed in detail
in the Appendix.
¥ By the time some later groups were formed, some cooperative-uncertain students had matured into
cooperatlve-conﬁdents This led to one grouping of technically non-adjacent types.

Two students (a cooperative confident from each section) withdrew from the course before the end of
the semester, and one aggressive confident from Section Two was not interviewed. The behavior of each
of these students is therefore inferred from information provided by fellow group members.
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students. As before, interviewers were not known to the students and had no contact with

them before or after the interviews.

SECTION ONE
Round One | PK(x2)" | CC(x2),. CC(x3) |AC,CC,CU| AC, CC(x3)
- CUx2)
Round Two AC, AC, CC(x2),CU | CC(x3)"
CC(x2), CU | cC(x2), CU :
Round Three 7 AC, AC, CC(x2) | CC(x2), CU | CC(x2), CU
| ccx2), cu s
SECTION TWO
Round One | CC(x2), | CC(x2),CU| ACK3) PK(x4) | PK(x4)
CUx2) | :
Round Two | AC, CC, CU | AC, CC, CU | AC,CC,CU| PK(x4) PK(x4)
Round Three | AC, CU(x2) | AC, CC, CU | AC, CC(x2) PK(x4) PK(x4)

TABLE 3: Student organization in each of their cooperative learning groups according to
their groups learning classification. Group learning types have been abbreviated accordmg

to the same system used in Table 1 in Chapter 2.

The follow-up study differed from the original in that a larger number of students

and.groups were considered, and a larger percentage of the students (91% versus 47%)

were interviewed, allowing for greater cross-correlation. In addition, the 16 interviewees

and 13 groups of Section One were taught by an instructor other than the researcher, in a

deliberate attempt to remove instructor impact as a predictor.

1 The previously-knowledgeable students in Section One constituted a single grotp which lasted the
entire semester. For purposes of the clarity in Table 3, they are only listed once.
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Results of the Follow-up Study

The follow-up study was designed to deal with the problems reviealed in the iriitiali
interviews that‘ appeared to stem frbm exireme group heterogeneity, for example, lack of
student participation or stress caused by diversity in group';iabe. By limiting heterogeneify‘
(and more s;peciﬁcally, segiegating previously-knowledgeable students), the researcher
hoped to _éreate a group learniIig environment in which all group members contributed to
discussions and studerits were motivated to ask questions and learn actively through their
group members, as oppo;ed to using fellow group members as repositdrieé of knowledgg,
or conversely, failing to interact productively with other students becausé they felt their
classmates laqked relevant knowledge. In light of the fact that all class members were .pre-
service elementary school teachers, the researcher felt that criteria for success should stem
from active engagement in groups and perceived self-fulfillment-on the part of the
students. Therefore, course grades were not taken into acc01intII and, for our purposes, a
éroiip was considered successful if most of its members described positive and productive

interacfions.

Group Success Rates

Group success rates were determined by taking combinations of each member’s

rating of that group and determining an average. Student responses were divided into

# There is some debate over the reliability of grading as representative of successful group dynamics
anyway. For our Physics by Inquiry class, only a small percentage of the grade considered group '
participation at all, and there was no component that was dependent on group problem solving. Most of
the grading was determined by written individual criteria, such as homework assignments, essays, and
exams, and any effect of group dynamics on grades is therefore difficult to determine:
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three categor'ies: positive (+), neggtive (=), or neutral (0).5 Responses were interpreted as
positive if the student related his or her group experience as being good and described
behavior consistent with cooperation and active lea.rning. .Ex'arrllples of pbsitive responses
include:

We all seem fo, if somebody’s having a problem with something, then another
person can help out, and if they can’t help that person, then another person can
think of another way and help them out that way. So it was like different kinds of
thinking; even though someone might understand all the ways, you know, they
could explain it to someone else so they could understand it. That was really
nice.

I felt valued. 1 felt like whatever I needed to ask or question or talk about was
worthwhile. I never felt like they thought I was behind or anything like that. It
was really nice, just because we kind of established a nice casual sort of
atmosphere; whatever question you had, that was fine. We went over stuff to
make sure we all understood it. It was really nice in all of them. I didn’t feel too
different about any of them, just working with different people. It was good.

If oneé of us didn’t get it, everybody else would stop and say, “Okay, this is how I
thought through it, and this how I did it,”* and pretty much everybody always had
anidea...

A response was considered negative if the student related extremely negative experiences
when interviewed. These tended to involve animosity towards other students, expressions
of frustration, and the like. For instance,

Well, I know that IT liked to be in control of the group and that kind of frustrated
me personally, and I think TC also, and we just, you know, when we really didn’t

know the answer, it was difficult for us to actually, like, come together and figure
itout...

They would be kind of lacking and lagging behind. We 'd spend too much time on
one thing or something and I'd be... I know that at times I would get frustrated
and just kind of work ahead a little bit, and then-come back when they were ready
'to go ahead, and that was a little bit frustrating.

% As we had access to responses from a much larger percentage of students, this method was slightly more
rigorous than that used to determine group success in the Spring 1998 semiester..
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They both completely understood what we were doing, and I was gozng a little
slower, but it wasn’t slowing them down at all. . They just kept going ahead of me,
and I was just finding myself falling behind and I was so uncomfortable with both
of them. Like, our personalities didn’t seem to click. ...I felt just like an idiot,
‘cause they were just like flying, and I'd ask the two questions all the time and
they 'd kind of give me this answer, like, that was so obvious, just the answer, like,
not how they got to it, stuff like that. So I found myself just skipping over sections
to get caught up with them. I couldn’t wait to get out of that.

STUDENT: It [the group] gives me a headache a lot of the time.
INTERVIEWER: And why is that?

STUDENT: They talk about what they 're going to do after class and “da-da-da-
da-da” and then they 're like, “Come on, we ‘ve got to get this done!” AndI'm
like, “Hey, I'm already passed you guys.” You know, I work a-lot on my own on
this one, just ‘cause they szz‘ there and they talk and they talk and talk, and if I try
and say, “Hey, you guys...” they’re like, “Hey, we re just talking for two
seconds.” And then when you try.and do something, they 're like, “No, no, no.
It’s not like that,” and they never are wzllzng to look at it from somebody else’s
perspectzve

A neutral response was characterized by more ambiguous or unclassifiable opinions. In
these cases, students described slightly negative situations that they tolerated-but were
willing to accommodate, or spoke positively of interactions that they knew did not
contribute to a positive learning environment. Most students had an intuitive grasp of
What constituted positive and productive group dynamics, and neutral responses seemed
fo Be charécteﬁzed By attempts to rectify partially dysfunctional groups, orl at leaét self- .

awareness of what types of behaviors would correct the problem:

I guess FN always kind of stepped up and’d say, “This is the way it’s gonna'work '

out,” and SS always questioned — she had to see everything for herself before
she 'd believe that it was true — and, I don’t know, ML and I just kind of sat back.
I always had my ideas. I always felt like I knew what was going on. I didn’t
always voice my opinion, just because I'm not real sure of myself all the time.
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It seemed everyday — well, not everyday, a couple of days — that somebody would

move ahead, or two.people-would move ahead and two people would be behind.
[The problem was] just lack of everybody staying together.

STUDENT: [ felt that FH worked on her own a lot... I'd look up and she ’'d be
ahead three sections, and then I'd be behznd and I would have to keep askzng
questions about where we were..

. INTERVIEWER: So did you ask her to slow down, or how did you handle that?
STUDENT: Well, I have to talk with her about it, ask her questions about it, and
that would make her slow down and after that she would realize she was far
ahead and stop.

_ STUDENT: [W]e, like, didn’t really work as a group. We worked, like, more
individually until we had a question...
INTERVIEWER: What do you mean? I'm not sure I understand.
STUDENT: Like, we didn’t really, like, work through the stuff together; we kind
of worked each of us at our own pace, and if any of us had a question, we.'d ask
someone, like, “What 'd you get for this one?”

I don’’t think it was quite the same [as the first group]. I think DU and I were
always on the same level, but I think KS was at a very different level, and we
never knew if she really was just having a bad day, or if that’s just how she was. ...
I didn’t feel like we [PN and DU] were rude to her [KS] in any way. I think she

felt closer to her first group, and 1 felt like she didn’t want to get to know us very

we]l.

I think she feels that... I don’t why she does, but she’s thinking she’d like fo do

most of the work. If [the instructor] comes over and there needs to be explaining,

you know, she’ll speak up right away ... And that’s kind of hard, because... you

feel the tension there and you don'’t really know what to do... I mean, just

because we 're not jumping to speak up, it doesn’t mean that we ’re quiet ones and
* we ’re not wniderstanding or we need self-confi dence or something.

Classifying neutral responses proved difficult. The ultimate criteria used was one of
“acceptability:” whether the nature of the group interactions was considered tolerable by

the researcher. It seems unlikely to expect that all group learning situations, no matter

how ideal the grouping criteria, will result in perfectly positive situations. Variables, such-

as outside-of-class interactions or a student’s temperament on the day of her interview,




may result in an emotional response that is not entirely reflective ofthe classroom
situation. Therefore, only overtly positive or extremely negative responses were
considered to be significant.

A success index of a group was determined by summing the judged values (+ - or
0) ofthe responses given by each group member. Any group whose combined responses
led to non-negative outcome was deemed successful, with the exception of four-member
groups where the responses were split evenly between positive and negative. It was
decided that a group where at least half of its members were unhappy was unsuccessful.

The results appear in Table 4:

SECTION ONE
Round One +,+ +,-,0,0 +,+,0 t,-,0 +,+,+,+
total=+2 lotal=0 total=+2 total=0 total=+4
Round TWO +1-1010 +1+707 0 === '-010
total=0 total=+2 total=-3 lotal--1
Round Three +,+,+,0 +,+,0 +,4+ -AO
total=+3 total=+2 total=+3 Wtal=-1
SECTION TWO
Round One +,+ 4+ -.0.# +.0,0 +,+ 4+ +,+,
total=+4 Wtal=-1 total=+1 total=+4 total=+4
Round Two -AO +,+,0 -0 +,b, +4 4
Wtal=-1 total=+2 total=-2 total=+4 total=+4
Round Three +,+,0 +,+,0 + 4+ +F +, 4.,
total=+2 total=+! total=+3 total=+4 Wtal=0 (neg)

TABLE 4: Success indexes of the 28 groups considered in the follow-up. Each cell
shows the success index as determined by student responses. The response of each
student is symbolized by a +, -, or 0. Success indexes were computed by summing student
responses within a group. Groups with a non-negative outcome were considered
successful. Groups with a negative outcome (shown in italics) were considered
unsuccessful. The symbol 0 is used to denote individuals who did not participate in
interviews.
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Of the 28 groups studied, 21 (75%) demonstrated characteristics of successful
groups when the selectlon criteria was apphed ThJS isa con51derab1e increase compared

to 5 of the 14 gtoups (36%) discussed in Chapter IL

Demonstrations of Improved Group Dynamics

It retrospeet, we determined that the following major problems contributed to
group dysfunction in the Spring 1998 class:

1. Extreme heterogeneity
2. Diversity in group pace

3. Presence of a distinct leader (lack of general student participation)
The new and deliberate grouping strategy used for the Fall 1998 students:was able to

greatly reduce the group dynamics problems caused ‘by each of these factors. -

Extreme Heterogeneity

It appears that actively segregating the p'revious-knowledgeable component of the
class virtually eliminated tension due to perceived differences in seientiﬁc backgroutld.
Both previously-_kﬂowledgeable_ and non-previously-knowledgeable students were
delighted with .being able to “connect so well” with other group members. Non-
previously-knowledgeabie students seemed relieved that they were working with people -
who possessed an equally weak phy‘sics background. In fact, grouping students with | :
similar deﬂcieneies in scientiﬁc background seemed to enhance the course for some

students:
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We worked pretty well. We were all basically on the same kind of level of
understandzng, and so we all, like, when we didn’t understand something, we all
didn 't understand it, which was nice, because then we could work through it
together. Or zf one person got it, then'they could help the other ...
Cooperative-uncertain student

- I think we worked really well together. With the circuits section, it was really fun.
And we were all kind of learning together, 'cause none of us had a clue about

circuits.
Cooperative-confident student

It made such an impact on me. Iwas really afraid of physics. I didn’t have any
physics in high school, and I'm-thirteen years out of high school and haven’t had
sciences since then, and I was really nervous on how I would understand or react
1o how this class was being taught. But with them there, it was wonderful.

‘ Cooperative-confident student '

Similarly, the previpusiy-knqwledgeeble: students expressedénjoyment at worktng
together. The interactions reported by the Fall 1998 previously-knowledgeable students
were strikingly different from those in the Spring 1998 class. There are many more
descriptions of general group discussion, and, unlike the Spring 1998 component, these
previously -knowledgeable students describe expeﬁences in which they Ieamed from their

fellow groupmates:

INTERVIEWER: What did the interaction look like?. Was it almost all the time,

or did you kind of work on your own and then just come together as you needed

to?

STUDENT: No. Itwas all the time. I don 't think we ever did it by ourselves.

Maybe a little bit, you’d help somebody with it as went along, but never by

ourselves and then come together and discuss it. We’d discuss it as we went.
Previously-knowledgeable student
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STUDENT: We were really, really... you know, argued about — not argued, you
know;, -in the negative sense-— took things apart, took concepts apart, and we
really picked at ’em.

INTERVIEWER: So it was a little more analytic?

STUDENT: Mm-hmm. :
‘ o Previously-knowledgeable student

There also is evidence to suggest that a segregéted E:ooperative group learning style

* proved more beneficial to the l_eérning of thé previouslgl-knowledgeable students. Unlike
the studer‘ltsv in the Spring 1998 class, who saw themselves more as helpers or teacilers
tﬁan learners, and who professed to not gaining a great deal of new understanding, some
of the Fall 1998 pfeviously-knowledgeable students reported that their understanding of
physics increased dramatically. A comparison with a response from a previously- ’
knowledgeable student from the Spring 1998 semester suggests just how much the

_ situation of previously-knowledgeables improvéd: |

Like, physics in high school, I don’t remember a [ot of it, because it was more,
“Here are the formulas you memorize,” and you memorize what, when, and
where, and then you got the answer, but I couldn’t tell you the formulas now. But
this stuff, I remember how we did it, and how you got there, so I could explain it.
I mean, it forces you to be able to explain the concept to someone who knows
nothing about it. And us, it was like we had to work backwards; we knew the
concept, but we had to get back to where it actually began; and work up to that.
So that was good.

Previously-knowledgeable Student

Fall 1998

[My understanding of circuits] is just inherent, I guess. I’ve seen it done so many
times, I can probably do it almost in my sleep. I know how some things should
function and how they should not..., and then my other group members pretty
much didn’t have a clue. ' '
Previously-knowledgeable student .
Spring 1998
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Due to minor problems with the initial grouping instrument” ", one group did end
;Jp with a 31tuat1or; of extrer.r‘lig ﬂeterogé;é1ty, "airzld asvw1th the situations observed in the
Spring 1998 class, this group turned out to be unsuccessful. In this case, a cooperative-
uncerta_lin student had taken an introductory astronomy course, and thus fuﬁctioned as a
breviously—knéWledgeable student during a section studying the phases of the moon. As a

"fellow group member recoﬁnted, the previously-knowiédgeable student’s experience with

the subject was mo're confusing than helpful, and ultimately this groupmate was forced to
seek outsicie assis‘;ance in understanding the topic: |

INTERVIEWER: Did [IT’s astronomy experience] help or hurt to kind of give

you hints as to how it [the phases of the moon] worked, or you wish. that you had
been able to do it without that input?

STUDENT: You know, I thought it was going to help, but I never really
understood, and I know she tried, and she was real patient... I never really quite
understood.

INTERVIEWER: What about now? Do you feel like you have a model... ?
STUDENT: Yeah. Now I've had a different person explain it to me, and that -
made all the difference in the world. '

This example serves to further substantiate the need to separate students with different

levels of experience.

Diversity in Group Pace

Reported group pace problems were much less common among the groups in the
Fall 1998 class. Several students commented that they appreciated not béing rushed, and
the comfort with the group pace seemed to relate closely to the level of understanding

 students believed they had achieved:

"™ One student failed to identify that they possessed previous experience in astronomy. A solution to such
a problem would be to specify course topics on the grouping instrument, so that students can be considered
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This group actually seems to be the best group I've had, because there’s nobody
that has one particular role, and it.occurs to me that everybody, like they 're with
each other — we don’t have one person that we 're trying to bring up to speed and
then we don’t have one person that's trying to push everybody to go further — you
know, we all work well together and we all work at the same pace and all seem to
have the same level of understanding: ,

INTERVIEWER: What was the best attribute of this g%oup? What worked really
well? :

STUDENT: / think the pace that everybody was able to set... Some days we went
Jaster, some days slower, but everybody was on top of things, everybody was
interested in the topic, it seemed like..

I think that we 're all working about the same pace. We all have pretty equal
understandings. Like we all did really well on the last test, and I think that was a
bzg part of being able to work well.

Of course, not all students felt comfortable with the pace of the group. One
cooperative-confident student explained problems she encountered with her first ;group:
It was very fast-paced. I always felt like, “Oh, I gotta keep up with eveijyoﬁe
else,” and it was like I always felt, like, really rushed, and there was people in the
group [sic] tend to be really fast with their work. Whether they got it right or
wrong, they wanted to go ahead, ‘cause it was, “This is an answer to this.
Whether it’s right or wrong, well, we'll just move on.” So there was a lot of
that... *
Cooperative-confident student
However, in this particular instance, the student who complained of a fast-pace was also
remembered by her fellow group members as. quite often being tardy:
She [SS] would come late, and wed explain things to her several different ways,
and she still didn’t get it, and it was Jrustrating, ‘cause the three of us were reaajz
to go on, but we couldn’t...

It could be that the perceived pace dichotomy had less to do with the student not being

able to work at the pace of the group and more to do with the fact that her group often

selectively previously knowledgeable. This is covered in the Appendix.
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devoted time and effort to help her catch up That could explam the frustration on SS’s

Ny e - - IFEINEPN

part at generally bemg told the answer and not necessanly part1c1pat1ng in the reasoning

process.

More often, pace problems presenteci themselves when a ntinority of students
worked faster than the test of tlte group. Rather than coming from a difference in
understanding, however, many students reported that pace problems stemmed _from social

interactions. In some particularly chatty groups, one or more students would pull ahead

while the other students socialized:

I felt that she, I don’t know, just kind of jumped apart from the group, FH did,
while me and PP were trying to work as a group, and I think that’s what kind of
lead to us just stopping our work and then socializing and stuff...

Because of the fact that we were more social, it was harder to focus from one

experiment to the other, ‘cause we’d kind of jump into social things — so I'd kind -
 of, you know; WP and I, the boy in the group, we would kind of move ahead and

read through it, and then maybe the other girls would come along with us.

STUDENT: I know FN was frustrated with AD and I ’cause we would talk so
much, and he would just go on and do the work himsely.
INTERVIEWER: Is that right? So he just kind of operated independently?

STUDENT: Yeah, it wasn’t more like a group effort. It was more an zndependent
effort when it came down to that

A deliberate attempt.toeliminate the pace dichotomy also had an unfortunate, but

‘not surprising, side effect. Because students were now being grouped with people that

didn’t rush them along or slow them down, it became more difficult for some groups to
stay on task during class, especially when they were not overtly interested in the topic at

hand.
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[S]ince we knew each other so well, or we felt like we got along so much better,
we talked a lot more, and we.got distracted a lot easier. So, like, we didn’t keep
up with the agenda so well.... ‘

' Sometimes we just didn’t want to work, so we would, like, talk about our weekends
or something like that. But we got everything done, but sometimes we just didn’t
want to work. :

It didn’t work out very well, actually, as far as learning and stuff like that. It was
a lot more chatty about social issues and stuff like that. So we got our work done,
you know, but it just didn’t work out very well because we weren'’t focused. You
know, as far as our learning styles and everything, that was completely fine, but
socially, we decided we had more of an aptitude for that area. ‘
It is difficult to tell the extent to which these problems stem from the course versus the
groups themselves. It is possible that students became more social as the material became

too difficult, or not difficult enough. This is discussed further in the section Problems

Arising during Tmplementation starting on page 62. .

Presence of a Distinct Leacier

The idea qf a identifiable group leader emerged far less often in Fall 1998 groups. .
Many students described their groups as Having no single leader, and even thét the role of
leader seemed to rotate naturally . A,lo'.c of interviewees remarked that a defining factor in
their favorite gfoup. had been a lack of distinct hie?archy:

This group actually seems to be the best group I've had, because there’s nobody
that has one particular role. ‘ .

We all share an equal part within the group...." In this group, no one person takes -
the lead. ' :
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STUDENT: We all work together like that... Ican’t explain it. It’s an equal...

- INTERVIEWER: There ’s'not really aleader? You all kind of pitch in, and no
one’s fighting?
STUDENT: I would say that we all z‘ake the lead when we need to, but it’s not

pushy
In the few groups where hierarchies did appear, the “leaders™ seemed to be resented by
students, rather than treated as authority figures as was done with the previously -
knowledgeable students in the Spring 1998 class.

He'll, like, go off on his own little tangent and then come back as “Mister

Authority,” like, this is how I did it, you know, type of thing, which is totally

contrary to team effort. I find myself more and more like, “We 're a team here.”

Sometimes I’'m more of a follower in.this group, but it seems like a lot of times

TP’s a leader, but she’s not always right in what she’s saying, so I have to, like,

be a follower but at the same time I have to lead and tell all the group that, no, I

don’t think this is right.
In cases where “leaders” were perceived, they seemed to be more a result of group
dysfunction than experiential differences. The two situations mentioned above appeared
to be the result of tension between students due to genuine personality conflicts. Tt should
also be noted that both aforementioned Situa‘;ions involved non-traditional students, who
p'reseﬁted an unexpected source of problems, which are discussed in the following section.

These are not, however, the only groups in which leaders attempted to emerge. In
fact, none of these “leaders” refer to themselves as such in their interviews, so we must
consider that the perception of unwanted “leaders” stemmed from conﬂict‘among group
members. It is easy to see how a student might interpret disagreements with a groupmate

as evidence of that person trying to “run” the group. This conclusion is supported to

some extent by the fact that all of the groups containing “leaders” fell into the unsuccessful
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category.

.Problems Arising during Implementation

It would be unrealistic to expect that all problems arising-in cooperative groﬁp
.learning situations could disappear merely by grouping according to one or two
cﬁaracteristics. While segr.egating previous-knowledgeable students and creating groups
from adjoinjhg categoﬁes resulted in a dramatic improvement in success rate as
determined by our criteria, other secondary broblems presented themselves: While 'these
problems were not nearly as dramatic as those demonstrated in the Spring 1998 semester,
they appeared solvable with certain modifications to the classification instrument, and
thus we choose to address them. Some, such as problems associated with non-traditional
_studenfs, seem to be somewhat independent of our grouping techniques. Most of these
secondary problerﬁé, however, likely occurred as a result of our groupiﬁg criteria. In this

section, we will discuss the problems at hand and possible solutions.

Non-traditional Students

With the'segregation of previously—knqwledgeable students, tensions due to
physics experience were generally eliminated. Ho;)vever, previously unobser‘ved problems
emerged between traditional and non-traditional students. “Non-traditional” here refers to
students who have spent a significant timé (several years) out of school. Most of the non-
traditional students cbnsidered were married, had small children, and were employed full-

time in addition to being full-time students. Some traditional students had similarly full
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lives, but in splte of mamage chlldren and work, had never leﬂ school, and thus viewed
themselves dlﬂ'erently than non-trad1t10nal students.

In the Spring 1998 semester, the class considered had three non-traditional
students (16% of the class), only one of whom was. interviewed. The Fall 1998 semester
had one non-traditional student in the second section (6% of the class) and four in the first
' (25% of the class). Four'' of these students were interviewed.

All of the non-traditional students were quick to distinguish themselves as such.
They demonstrated different priorities than their traditional counterparts, with a large part
of their focus on their lack of receﬁt experience, as well as outside commitments such as
family. This was borne out both in their interviews and in the interviews of their more
traditional group'members:

INTERVIEWER: So what was the worst thing about that group?

STUDENT: We had one partner — CD — who had... — and I don’t even know if it

would even classify as ‘worst’ — but it was tough when somebody came in late. .

' She has children... You know just late, as far as the class. You know, like half
hour, fifteen minutes, whatever, when everybody has started and we’d have to
catch somebody up. _

Traditional Student
[The two non-traditional students in my group] talk about each other’s husbands,
and one of them has a kid, and they talk about the kid, and who’s gozng fo watch
the kid and stuff like that. -

Traditional Student
Well, for myself, a lot of my physics experience...was twenty, twenty-two years
plus and all three of the other members in the group were pretty much fresh out

of high school.

Non-traditional student

1T One of these students dropped the course halfway through the semester.
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- IT'was really afraid of physics. I didn’t have any physics in high school, and I’'m
© thirteen years out of high school and haven’t had sciences since then, and I was
really nervous on how I would understand or react to how this class was being
taught.

Non-traditional student

I’m so much older than a lot of the students in the class. I don’t know 1 go back
and talk to my husband about it all the time..

Non-traditional student

All of the interviewed non-traditional students displayed consistent opinions on

two subjects: their interactions with traditional students and their attitudes towards

coopefative group leaming.' It was clear that, in many .cases', the non-traditional students
questioned the intellectual priorities of their traditional groupmates. The non;traditional
students toc;k their roles as future teachers; very seriously, and focused strongly on tﬁe
context of the course material as part of their upcoming careerst?. As one non-traditional
student put it:

STUDENT: [T]he only thing that frustrated me was their youth not allowing them
to look beyond the content material in the course, and to actially look at what the
reason for the course was, and that would be to not necessarily pick up on
content.... [T]hat’s the thing that frustrates me in general.
INTERVIEWER So the younger students had a really hard time seeing that
perspective?
STUDENT: Yes. [A traditional student would say,] “Oh, I know this!” “Now
wait a minute. That’s not exactly what we 're s posed to be doing here. Okay?
We 're s’posed to be learning about presenting it to the students, and fully
understanding the contents before we present ’em to the students.” And a lot of

" ’em just, “Oh, yeah, yeah, yeah. I know that.” Well, you might know that, but
you need to know several different ways to present it. And that’s one good thing
about the groups was because there were so many different perspectives of how to

3 (; could be said that their focus on course material in the context of teaching was overly strong, as
Physics by Inquiry is intended to be a content, rather than a methods, course. Regardless, the difference in
perspective proved a source of frustration for non-traditional students.
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look at what you were doing that it would give you an idea of, “Oh, hey! Well,

I'm going to have students just like that in my-classroom, so I need to know how

fo get the point across to each of them.” So I look at it from that perspective.
This particular non-traditional student found herself regarding group members more as
future students and less as peers. In this case, the effects were benign, and some of her
fellow group members expressed enjoyment with her relentless pursuit of method:

She s going into her student teaching next semester, and she’s got a science

emphasis... The way she thinks is just amazing to me. I mean, her logic can just

go through anything, and she can explain it to you logically so that I understand

it. '

Unfértunately, the self-imposed differentiation by non-traditional students didn’t
always have such positive results. More often, the non-traditional students saw
themselves as more worldly than fellow group members. This led them to somewhat .

devalue the intellectual contributions of more traditional students. In one particularly

negative group interaction, a non-traditional student described her interactions with a

traditional student:

[W]e have a person who is total, like, traditional age for that class, and so maybe
Jjust in that she was feeling defensive at “These two older students just think

they 're going to come in. I'm going to give my ideas...” So it could be just an
age.issue, you know, a maturity level, you know, and I'm more apt to be vocal,
and she was like, defending her right to be nineteen or whatever, you know.

This comment expresses a great deal of frustration with the traditional student, and any
contribution is disregarded as lacking maturity. The traditional student in question

described the same interactions:
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STUDENT: She 'd never taken it [physics] before, but she just took it upon
. herself 1o feel that she needed to be up with them [the previously-knowledgedble

students] with us in the group. She acted very singularly. It wasn’t a group with -
her. “Come on, let’s rush through this. Let’s get done with this.” So I guess how
I acted, I tried fo fight my way back , you know, to find a place, ’cause CD and I
would be trying to understand concepts together, and AD would just be like,

“Come on, ladies,” and then she ’d be telling us about her weekend, you know,

one second, and the next second she 'd be rushing through.
-INTERVIEWER: So how would you pull her back?

STUDENT: How would I pull her back? 1'd say, “Listen, we 're not even done
with this problem, you know?” She’d be two ahead of us. So she’d close her
mouth, you know, if she was frusirated with us, basically, close her mouth and just
start working on her own, not help us, not work together as a group.

It would appear that this traditional student was actively trying to contribute, but this non-
traditional student had assﬁmed arole similar to one seenin a previously-knowledgeable
student from ‘ehe Spring 1998 semester. In this case, traditional vs. ﬂon—traditional status
eewed to promote a hierarchy within the group. Of the 28 groups, three suffered from
this problem, ahhoet half of the unsuccessful groupings. It would 'appear the life .
exberienc'e can create group tension in much the same way that physics experience does. "
Fortunately, there were also groups containing pon—traditional students that were
successful. These greubiegs seemed to follow speciﬁe pattefns. If non-traditional
students were isolated within groups (6 groups), or if the entire group was composed of
' nori-traditional students (1 group), the group was successful®™, How'ever, if a group had

non-traditional students in the majority with traditional students in the minority (2 greups) '

— in these cases, two non-traditional students with one non-traditional student — the

%% One case with a single non-traditional student was unsuccessful. However, the lack of success in this
group seemed related to group coherence rather than the role of the non-traditional student; one group
member virtually stopped coming to class and generated a great deal of animosity with her fellow- group
members.
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groups were unsuccessﬁ.ll . In both the unsuccessful cases, the traditional students
expressed frustratlon at the lack of group ﬁmctlonallty
We had a lot of animosity. Like I don’t even talk to AD now. It sounds so petty,
but it was so frustrating to learn with her. . I could not learn with her. I didn’t
learn anything. :

Ihzs group, I might as well just be workzng on my own on this one. I'd have a lot
less headaches. :

. Tt is interesting to note that the one group which consisted of all noh-traditional
students contained a student who was continually behind, had trouble with the course
material, and was one of the two students who ultimately dropped the course. In this
case, though, one of the same non-traditional students who expressed frustration at a

traditional group member in a previous quote described a far more positive experieﬁce:
VN, I had just met then, that was the first time 1 had ever met him before, and I
thought he was super in the group. You know, it didn’t feel confrontational.
Some people are very confrontational, and I thought we interacted really well, in
terms of like my ideas, his ideas, or me questioning something that he had. You.
know, very comfortable. It didn’t feel like I was challenging him on any ideas...
It would appear that she was willing to consider a fellow non-traditional student as more
of a peer than the younger, but more academically-capable, student she so actively
conflicted with. This strongly suggests that non-traditional student status should be a
deciding factor in our strategy of group organization.
Another somewhat unexpected outcome of the interviews with non-traditional

students was their attitudes towards group learning. While they each advocated it as a

good teaching style, they expressed reservations about participating in it persohally:

™ One successful group, containing two non-traditional students and one previously-knowledgeable
student, was reported in the Spring 1998 semester. It is possible that physics experience can be
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I’'m not a big group worker anyway, so when they said at the beginning of class
that it was going to be group work, it was just kind of, “Oooh...”

1 just go like, “Gosh, we have to be in groups,” and I'm a non-traditional student.
I could just do this stuff by myself. You know, other group projects that we have
in our other classes too, that takes me away from my family. Well, this one
doesn’t, but just stuff like that. Being a non-traditional student, I don’t like
groups, but as a teaching strategy ... 1 can see where it would work well...
This is especially interesting when one considers that these same students each expressed
at least one very positive group experiénce. It would seem that the students in question
experienced more difficulties with the mechanics surrounding group work (corﬁmutihg,
making time for group projects, etc.) than many traditional students. A solution to this
might be to take these problems into account as an instructor and try to minimize

extraneous hassles (traveling great distances to meet with groups, scheduling difficulties,

etc.) as much as possible.

Previously-knowledgeable Students and Expected Coursework

While the segregation of ﬁreviously-knowlédgeébles improved their learning
experiences, grouping students with previous physics experience' did lead_ to an unexpected
problem. Because students Were able to start‘ communicating at a more advanced level,
quite often group discussions were much more in-depth than the course I-naterial
anticipated. Previoﬁsly-knowledgeable students often found themselvés bored of

foundering:

considered equivalent to life experience in such a case. .
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‘INTERVIEWER: Were there times in the curriculum when you or members of
- -your group-were bored.or wishing you could.skip-ahead?
STUDENT: A/l the time.
INTERVIEWER: A/l the time? Pace felt too slow Jor you? -
STUDENT: Yeah, it did. All of us had had physics before, so just the idea that
we did it all in the tenth grade ... [I]n the book, the quéstions are so repetitive that
there’s times, like if you look at my notes, I have like six things that say, “See four .
point one, ditto ditto, ditto, ditto,” ’cause I'm not writing it all out.

1 think sometimes it would get a little long; the two hours would be long. That
unit was real, kind of, basic, I think. We'd all done it before.

The students generally traced their frustrations back to thé text. Many found it too basic -
to accommodate their previous encounters with physics, and at the same time, full of
seemingly “trick” questions:

I didn’t really like the book, and that I think contributed a lot to the frustration in
the [second] group, because the book, it’s supposed to be a college-level book,
and I didn’t think it was. I thought it was pretty basic. I think that was one of the
major frustrations was the book, and how the book worded the questions or
worded the experiments or what to do. ... You learn the concepts, and it’s very
basic, and that helps you, but it’s like, some of the basic concepts that I did get
out of high school I came in and I'm like, “Well, I thought I knew this,” and I
actually didn’t know it. ... It was really frustrating, and I think the book really
added to it. It was really frustrating, the book.

In spite of previously-knowledgeable students’ frustration with the basic nature of the
course, they tended to move at the same pace as the rest of the class and expressed
frustration with the instructor at being asked to learn material at an accelerated pace:
In the particular groups that I was in — we 're in this advanced group — we 'd go
faster than the rest of the class, and that really bothered me sometimes because
we 'd be given all this extra stuff to do and the rest of the class wouldn't do it, and
I thought, “Well, if it’s supposed to be beneficial, why aren’t they doing it?” And
so we 'd feel frustrated with some of the extra stuff we had to do.

The seeming contradiction of boredom and resentment towards an accelerated pace was

difficult to reconcile. In one case, a previously-knowledgeable student in Section Two
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" became so frustrated with the banality of course material that she stopped coming to class,
‘much to the frustration of her group:

STUDENT: AT’s attitude really bothers me, because, like, she doesn’t care. She
thinks it’s way to basic for her, so she just doesn’t care. She doesn’t show up to
class. I mean, she comes to class, and it’s like, she’ll go'through it at home, and
she doesn’t expect us to catch her up because she already knows it, but I don’t
know. She doesn’t like the class, she doesn’t like [ the instructor], and she doesn’t
want to be there and it shows.

INTERVIEWER: That unfortunately is hurtzng you, I guess. :
STUDENT: Right, yeah. It’s like, “Well, you're a part of our group, and our
group depends on all of its members to work together.” And lots of days she’ s -
never even there. And. z‘hen when she is there, she’s got a negative attztude about
it. :

What frustrates me is ... refusal to see beyond what was in front of, and that goes

back to AT’s, “Oh, I just don’t see why we have to do this. This is just so stupid.” .

Well, yeah, you may think it’s stupid, but hey, to get out of this class, this is what

we 've got to do. ... I mean, were going to make it out all right, but it’s just

frustrating to me fo have to sit and listen to people like that, but I have to deal
with it, because I know there’s going to be students like that in my classroom.
Unfortunately, in the process of complaining about this particular student, her fellow
" groupmates reveal their own similar frustrations with the course and the material.

It would appéar that, by improving group d‘ynarnics for the previously-
knowledgeable students, we have, in the process, diminished the effectiveness 6f the
course for them. Group learning strategies appear to work best when the group members
are challenged by the subject; that failed to happen here. This brings into question the

. motivation for previously-knowledgeable students to take a course so specifically designed

for non-majors. Fortunately, one student revealed her motivation for being in Physics by

Inquiry even as she expressed her disappointment:
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It just seemed like, for a college class, I'm learning more how to teach physics. It
didn’t do a very good job of that. - That’s I guess what I thought the class was--
about — you know, how to teach the basic ideas of circuits and math and things
like that — and it just felt like we were doing the work, but we weren ‘t really
learning how to teach it better.
Apparentvly, at least some of the previously-knpwledgeable students approached this class
as a methods, rather than a genuine physics; course. Given the negative reactions of the
students to the content, Physics by Inquiry is inadequate on both counts.

. These data suggest that improved grouping methods could have a drastic impact
on curriculum structure. In this case, improved group dynamics led to frustration with the
course material that, had students not been organized in this manner, probably would have
manifested itself as frustration with other group members. Since going back to previous
grouping stratégies would contradict the findings of this study, the best remedy for such

problems may lie in fundamental curricular changes aimed specifically at previously-

knowledgeable students.

Grouv;switching Backlash

Far and away, the initial student reaction to group-switching was negative. Some
students eventually enjoyed the groups they switched into, finding that a'change of pace
helped their learning:

I disliked it at first, after switching from:the first to the second, because we were
Jjust starting 10 click. You could pretty much count on the first group, at least a.
few of the people in our group, being there everyday on time, and so you started
to notice everybody'’s routines and.kind of how they thought and whether you'd
feel like a total dink if you asked a question of somebody else or asked somebody
to help you out, and everybody was really helpful in that way. And then once we

got going along the switching groups, it was great to get to know other people
and be able to talk to other people.
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For the most part; though, students.did not enjoy their personal experiences.- As one -.. -
student commented:

Most of the people I've talked to in the class, their first group was their favorite

group. You know? Imean, MD'’s first group was her favorzte group, and RB s
first group was her favorite group.

Even for students who cited their second or third groups as their favorites, it was apparent
that change was often more difficult than rewarding:

I don’t like it. Idon’t know... You get used to a group and you lzke staying in and
finishing up, you know, ‘cause you work so well together. I can understand
somebody should maybe go talk to the professor or the TA [ z‘eachzng asszstant] or
whatever and tell them that they 're having a problem with their group, but we
weren't having any problems, and PP and I were both beggmg [the znstructor] to
stay in our group the first time.

In general, I feel that if we [the first group] would've just kept together, and not
had to have split up, that would’ve been the best.
If jzou think you don’t understand something, you're afraid to ask 'cause it’s a

. new group. You don’t have the comfortableness [sic] yet.

I don’t like it 'cause you have to get into a new group and... it’s a whole new
style, kind of like, you know.

I think that if you stay with the same group for a long time, you get so
comfortable that it would be hard to work with other people. You just get so used
to the role that you’re in— I don’t know if that makes sense — like, if you're the
one that’s always speaking up for your group, you might get so used to that it
would be hard to work with another group...

I think it’s really hard when you get thrown in with a bunch of people to try to get
a foundation, and you finally get one — like in that first group, we started working
well together, and started enjoying it *cause we moved along quickly and 1
started, you know, understanding how it all worked, and it really jostled me, I
. think, to switch into a new group. Then you've got to start all over again, and I
. think that was a kind of struggle for me. '
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The preference of dynamlcs within the first group is reflected by the success rates of

[

groups at each round of changes For the ﬁrst round nine out of ten grenpe;ere
successful (90%)’”“:_ compared to five out of nine (56%) for the second. The high
‘success rate of the first round strongly suggests that the group;lea_lrning'techniques
students anopted were highl); dependent on their initial group interactions. Many students
| described pesitive interactions with members of their first group, foliowed by subsequent
pfoblems within the second. This was often attributed to differences in personalities or
learning styles. Just a small sample of the comparisons follow:

- I don’t know if I would have changed anything. It seemed that was by far the
most productive for me, as far as what I was learning, and everythzng seemed to
go pretty smoothly.

WP describing first group

STUDENT: I don’t know what it was, but our group didn’t “click” maybe as well
as say the first one did.
INTERVIEWER: Dzdn t click as well with the science, or didn’t clzck as well with
the social?
STUDENT: No. Social thzngs were fine, and the science seemed to... we were
Jjustata d ﬁ’erent pace maybe. People were learning differently...

"WP describing second group

* * *

11t 1t should be noted that the one unsuccessful first round group may have been due to factors beyond the
instructor’s control. Apparently, two students were grouped together who had conflicts previous and
external to the class: '

STUDENT: I would’ve liked to have a different person besides EK. I think that that maybe
would've mixed the group better, and EK was in every single one of my classes also, plus the
physics and plus we were in the same group together, so that was kind of...

INTERVIWER: Too much EK?

STUDENT: Too much EK.

In the future, such problems could be avoided by including a question in the instrument whicn asks
students if their are class-members they would prefer not to work with.
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That group worked really well together 50 I wouldn’t really say there was a -
leader I think everybody pulled their own. weight and.did their. own.fair. share,
and I don’t think there was really a leader or a follower.

DB describing first group
Probably the second group was [the least favorzte ] Just personalzty learning

' styles were di fferent
DB descnbmg second group

* * *

We all kind helpeal each other. We worked really well together. Like, we all were
the same kind of people. We took a little longer to get it, but once we got it...
You know, and if somebody else in the group didn’t, then we 'd keep changing the
ways of explaining it to make sure that all four of us understood.it.
PP describing first group
They both completely understood what we were doing, and I was going a litle
slower, but it wasn 't slowing them down at all. They just kept going ahead of me,
and I was just finding myself falling behind and I was so uncomfortable with both
of them. Like, our personalities didn’t seem fo click. -
PP describing second group
The students. attribute most negative interactions to personality conflicts, but a
more plausible explanation might be that the students each developed distinct group
* learning styles in their initial groups. There was little disharmony in the first round simply
because most students may have had little or no experience with intensive collaborative "
group learning, and thus were much more willing to compromise their learning styles in an
effort to establish individual group equilibria. After switching groups, students probabiy
expected to continug to.interact in a manner similar to that of the first group. However, if
_group dynamics were tailored within each initial group (as appears to be the case),

switching groups would instead lead to conflict as students were forced to quickly adjﬁst

to new learning styles. It would seem that this researcher’s assumptions about the
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innocuousness of sw1tch1ng groups proved incorrect, and successful grouplng may only be

compromised by group sw1tch1ng

There was, however, one circumstance in which group switching proved ideal for

students. This happened in situations where initially timid students (mostly cooperative-

uncertains) demonstrated increased confidence as they moved to each subsequent group.

. Some examples include:

INTERVIEWER: How did you behave in this group?
STUDENT: I don’t know. Kind of shy, I guess.
DU describing first group

I opened up a little more. Like I talked more in this group, I think, just ‘cause I -
got more comfortable with physics, ‘cause this is my first class, so I think I just
got more comfortable with everything.

DU describing second group

Again, [I'm] more outgoing, ‘cause I understand much better, and I’'mr getting
more comjfortable with it. ‘
DU describing third group

* * *
I did a lot of observing, I would say. Ididn’t feel that I could be a full

participant, I guess. . :
: ML describing first group-

I was more interactive, I 'd say, wzth that group...
ML describing second group

I'm actually interactive. 1 help with the problems. I feel like I'm doing this
instead of, you know, kind of doing it and then having take it home and figuring it
out. You know I'm doing it in class and I'm figuring it out.

ML descnblng third group

In these situations, group switching proved beneficial for the cooperative-uncertain

students. We speculate that their increase in participation and confidence in the subject

r
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would not have takén place had there not been group switching.” These students were in
the minority but still a noticéable bért:etlt;c‘lgfe (60ut of 34; students) ot‘l the two sét:tions.
We are left w1th the dilemma of which scenario should také precedence: should group
switching be avoided so that mo-st students can remain in harmonious groups, or should

we continue with group switching to promote increased confidence in science

among a minority of the students?

Improvements for Future Implementation

Based on the new problems encountered as part of the implementation of categorized
grouping, this researcher recommends the following three guiding principles:

0 Deal with non-traditional students in much the same way as previously-
knowledgeable students. | |
Non-traditional students seem to function best in two situations: grouped exclusively

with other non—traditionztl students or isolated entirely from other non-.tré.ditional' students.

If at all possible, groupitlgé with other non-traditionals seems favorable. This allows fot a

more uniform frame of reference within the group, and students might find it easier to

accommodate each other’s sphedules for meetings outside of class. I—I-O\;ve\./erA, this
grouping of non-traditional students should be sepondary,- after pteviously—knowledgeable
studenté have been segtegated.

0 Provide a more challenging environment for previously-knowledgeable students.
The problem of fully engaging previously-knowledgeable students as active learners is

slightly more delicate in the context of this course. We must accommodate the fact that
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previously-knowledgeables are not being challenged by the traditional course material, but
feel that it is inappropriate to i)e pre;entéd Witil éiﬂ‘er_eﬁt eXpecféti;);s thaﬁl ﬁ'le’-r'est of their
classmates. To avoid the in-clas-s dichoto}ny altogether, it might be best that previously- -
knowledgeable students not be included in this particular inquiry-based physics course at
all, and may benefit from a mofe advanced traditional course with wéeﬂy inquiry—baséd
recitation sections™*. This would not orﬂy present the previously-knowledgeables with
more challepging rn_;a.ten'al, but it would avoid the expectation that Physics by 'Inqz'liry
should function as a teaching methods course. | |
0 - Reconsider the value of group-switching.

The usefulness of group-switching is dependent on the expectations of the instructor.
If group-switching does ﬂot occur, it seems mére likely that categorically groﬁped
stﬁdents will end up in harmonious groups. Unfortunately, withdrawn students (such as
cooperative-uncertains and passive-‘uncertains) may not develop the same level of self-
confidence that 't_hey might if group switching occurs. in the conttlsxt. of a course such as .
Physics by Inquiry, which is geared towards future teachers, the benefits of group -
switching may outweigh the drawbacks. If these students are eventually going to present
science to :their own pupils as knowledgeable resources, it is impoﬁant tl-lat they all
(ievelop confidence in 'th'emselves as scientific knowers and learners. If groups are not

switched, the more withdrawn students may never reach this point.

¥ Montana State University does provide two semesters of such a physics course, which includes three
hours of lectures with active discussion and demonstrations, and a two-hour inquiry-based recitation
section similar to those used in Physics 201, but presenting material at a more advanced level.
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With these modifications to our model of cooperative group organization, we are
hopeful that group dynamics success rates may be improved even further, We will discuss

the implications and possible uses of this more complete model in Chapter 5.
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CHAPTER 5
DISCUSSION

Conclusions of our Study

This research proj ect was initiated to better undersfand the naturé of group
dynamics in small cooperative learning groﬁps in the context of an inquiry—based
introciuctory physicé course for pre-service elerﬁentary education majors. The ultimate
goal was to determine the most relevant factors iﬁ creating groups where all. students
participated a;:tively and enthusiastically in the leafning process. The results of this study
strongly suggest that positive group interactions for cooperative learning situations are not
only possibie, but can be predetermi_néd with reasonable accuracy for this'pa.rticular
population.

The primary predictor of group success is relative previous experiences with thgh
subject matter within the group. Students with similar backgrounds in conceptual physiés
worked together most effectively, and students with disparate backgrouhds (a high school
physics course versus no high school physics training) ténded to experiencé conflict and
animosity towards each other, oﬁen to the detriment of learning by all involved parties.

Within grbups of students with similar physics backgrounds, a secondary predictor
could be derivéd frém students’ self-confidence ievels. Students could be classified into _

four categories:
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o :aggressive-conﬁdent,
o cc;operative-coﬁﬁdent,
o cooperative-uncertain,
o and passive uﬁcertain,
which reflected thei'r levelslof confidence as physics learners. It was found that extremely
outgoing and self-confident students (aggressive-confidents) did not interact successfully_
with students wﬁo’ needed a great deal of patiencc;, and encouragement from their fellow
grc;upmates (passive—uﬁ.certains). The most succéssﬁll groups also possessed students in
consecutive categories, so that, for'example, a groﬁp containing a cooperative-conﬁdént, a
cooperative-uncertain, and a passive-uncertain would be more successful than a group
consisting of an aggfessivé-conﬁdent, a cooperative-uncertain, and a passivé-uncertain.
When all of these factors are taken into accc.)unt, our results -show that successful
groups can be ofchestrated. Our original categorization instrﬁment, lwhich took into
account previous physics experience and student self-confidence, enable(i us to organize
groups quickly and eﬁi'lciently, apd also produced a dramatically higher group success rate
than observed in tﬁe Spring 1998 semester.
However, data from the Spring 1998 implementation also brought to light -
~ weaknesses in our model. We found that a student’s “life experiences” produced résults
similar to, albeit less noticeable than, previous subjept experience. Students with non-
_ traditiongl status occasionally conflicted with more tradiﬁon'al students. However, this
only occurred when traditional and non-traditional students were grouped together such

that the number of non-traditional students in the group exceeded the number of




81

traditional students. In situations where there was only one non-traditional student in a
group, the differences in “life experience” did” not seem to impact the success of the group.
Our original model did not take the “life experience” factor into .account, but
modifications to the instrqment, such as_- questions concerning students’ age, merital status,
and self-_clessiﬁcetion as traditional or non-traditional status might allow ‘us to create even -
hiéher group suecess rates when this technique is used in the future.

With factors essociated with unsuccessful group'ing better controlled, two
problems with the nature of the Physic;_s‘ by Inquiry course structure became apparent.
First, we found that when students with strong physics backgrounds (previously-
knowledgeables) were grouped together, their group dynamics improved, but their interest
in and satisfaction with the course decreased. They expressed boredom and frustration
with what they saw as banality and repetitiveness within the course material. .Furthermore,
their main motivations for taking the course seemed to be an interest in the teaching
methods rather than the subject material. Since Physics by Inquiry is designed to be a
introductory content course for non-majors us.ing cooperative group learning methods,
rather than a teaching methods curriculum using inquiry-based physics asa vehicle, we
believe that current course design is insufficient to further educate previously-

. knowledgeable students, and when the categorization instrument divines such students,
they should be advised to take a higher-level physics course, and posstbly automatically

exempt from enrollment in Physics by Inquiry.”

-* As these students are primarily education majors, any change in curricular expectations must be
discussed with and approved by Montana State University’s School of Education. It is also possible that
the problem of previously-knowledgeable students enrolling in Physics by Inquiry only exists because they
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The second curricular préblem stemmed from the implementation of group
S\.Nitching', ﬁrst implemented in the Spring 1998 semester. Most studeﬁté feécted
negatively to group switching, feeling that their most comfortable 'and.successﬁll group
experiences occurred in their first gr_oupings’. We believe that such strong first-group-
success ﬁlay be attributed to the newness of the 'subject' rﬁatter and the environment, and
an inherent willingness to compromise learning styles in a effort to work together more
effectively. ‘However, by the time students first switched groups, they had become
accustomed to ‘;he learning styles of their initial groupings, and found leg.rning to function
under new circumstaﬁces extremely stressful.

Such results suégest that, unless there is a specific motivation for it, group
switching ‘wili for the most part be detrimental to students’ group experiences. It should
be noted, however, that we did observe a small proportion of students tilat- appeared to
béneﬁt from group switching. In these cases, students who ﬁad originally lacked self-
confidence as learners (here, cooperative-uncertains) gained confidence in their abilities
with each group change. Many described themselves aé active discussion and experiment
instigators by the time they reached their third groups. In a course such as Physics by
| Inquiry, v;fhere virtually all of the students are training to be elementary school teachers,
| conﬁdence in the course material and a student’s abﬁlify to work within it are seen as vital

components of the learning process. Therefore, it is likely that fu-tu;e instructors of
Physics by Inquiry will prefer to sacrifice increased group success rates to ﬁrovide a

crucial opportunity for students to gain self-confidence as learners.

are béing advised to take it as a methods course. If this is the case, appropriate persons should be




83

Implications for Use in Other Environments

Our study was limited to a single, narrowly-defined setting: a non-lecture,
introductoq, inquiry-based physics course for pre-service elementary school teachers. In’
our comparisons with other examples of group 1@aming, we pdméﬁly compared studies
 using other physics or physics-related courses, with occasional references to studies
examining group dynamics. However, we believe that our results suégest that our group
organization strategies are more widely applicable. |

It must be remembered that Physics by Inquiry is geared towards ﬁén—physics
majors with extremely limited techpical or scientific experiencé. The course is explicitly
conceptual, and the group leallrni‘ng environmeﬁt focuses on‘ discussion and active leaﬁng
rather than computational problem-solving. The instructors’ main goals are to introduce
stﬁdents to hypothesis testing and the scientific method, and‘use these tools to build
~ rigorous, self—cdnsistent models. There is npfhing about the course structure tﬁat is
inherently subject-specific. It is also possible that courses using groups under less
interactively iﬁtense conditions, such as in a problem-solving or creative discussion
environment, can increase '.the likelihood of successfﬁl group dynamics using our grouping
‘techniques.

" Due to the highly interac;tive and self-regulating naturé of the observed successful
groups, we speculate that our group organization techniqu.es would be ideal for large-
| enrollmer{t_courses (50 students or more) which use coof)erative grouping as gteaching‘ |

tool from time to time, but where instructors are not in a position to interact more than

informed that there has been a miscommunication as to the fundamental purpose of the course.
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briefly with any one group. In such situafions, instructors generally organize students into
groups to generate discussion and encourage active learning. If the success rates observed
in the Spring 1998 semester are typical, it is possible that many, evén a majority of,
students have difficulty functioning within their groups. While group role aséignments are
used by some instructors, these may be difficult to enforce in a large-enrollment setting.
Even if students could function successfully Wi‘;lﬁn ;cheir roles, such a teaching tool may
prove limiting to discussion, since students will be l'ocked iﬁto a given role throughout the
assigned periqd, while a group functioning with good dynamics may, and a_ccording to oﬁf
research, probably will naturally rotate roles as the discussion progresses.
' ! .

We hope that our results and conclusions have proved sufficiently compelling that
instructors op‘i to use the grouping techniques described here to facilitate their fufure
employment 6f cooperative group learning. Successful application of this strategy will

. require the instructor designing an instrument — to be administered before groups are
organized — that ansWers the following questions:
| 1..' What is tl;e student’s background in the subject matter? The answer to
this will most likely be dichotomous (the student has or has not previously
taken é course in the subject), but it can go into as much dete;.il as the instructor
deems necessary. For instance, the instructor could ask about individual topics
within the course if the scope is sufﬁciéntly broad.

2. Is the student of traditional or non;_traditional status? This (I:haracteristic '

is easily .c_o'verefd, with inquiﬁés as to the student’s age, marital status, and self-

definition as traditional or non-traditional. In addition, inquiries into a
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'. student’s place of residence may facilitate group learning if the instructor wants
to encourage groups to work toééther outside of class; it may be easier for
students to m;aet if they live near each other, and would especially ease the

" burden _for students .who have Idng co@utes.

3. How does the‘ student function in new situations or witﬁ groups of
strangers? How comfortable does the student feel initially about the
subject material? .Questioné like these are designed to categorize the
student’s self—conﬁdénce asa iearner. More than the other inguﬁ*iés, these may
be delicate and should probably be tailored to the coursé environment: This
researcher’s own first attempt at an instrument was somewhat Tess successful
thaﬂ hoped in these areas. This is discussed at length in the Appendix.

In addition to the three topics covered above, it may be useful to take a fourth into
consideration. In our study, gender waé not considered an issue, primarily because the
students were almost entirely female. However, in mixed gender situations, Skala, Slater,
& Adams (1999) found thz}t in groups with uneven compositions of men and women (two
or three of one gender grouped with one of another), at least one female student tended to.

~dissociate from the group. On the other hand, groups with even gender compositions
(twol meﬁ and two women or singlie-gend_er)‘ expeﬁenced far greater instances in which all
members of the grdup interacted. The problems experienced by femalé students in groﬁps
of uneven compositioﬁ are borne out in focus group interviews concerning students’

group ex’periences'.23 Such results would suggest that gender should also be taken into

23 Skala, Slater, and Adams, 7.-
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considerati;)n whén groups are organized, especially in situations where an instructor is
notin a po-sition to closely mbnitor group activity. The most conservative approach
would be to place students exclusively in single-gender groups; this vs-zould guard against
group imbalances caused by student absences. However, it is difficult to predict how
students would react to being assigned to such groups. For instance, !might female

students feel “singled out?” This aspect of group organizatioﬁ requires further study.

Future Study

This research is only our first attempt at the ﬁnders‘;anding of group dynamics.
iny with appli-cation of our techniques in a larger range of teaching eﬂvironments can we
see if our conclusions are generalizable. We are curious as to how widely applicablé these
grouping strategies truly are. For instance, they seem to work with older 'sfudents and
adults, but would they work with children? Afe they even necessary or even appropriate
among the sufficiently young? We have also derived all of our data from a course taught
at a typical Amer'ican‘ college, as have all of the physics and physic;s-felatcd studies we
reférenc_ed. Would our techniques work in group learning situations ‘in a sufficiently
different cultural énvironment? Montana State Univérsity is associated with sevéral
Native American tribal colleges, some of which have offered the Physics by Inquiry
course. Anécdotal evidence suggests that instructors have consistently had extremé
difficulty interacting with these Native American students, and that active group learning

has been difficult to motivate. These reports, as well as the interview provided by the
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. Native American student in the Spring 1998 semester, have made this researcher curious

as to the impact of culture on cooperative group experiences. : -
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APPENDIX

DISCUSSION OF THE STUDENT CATEGORIZATION INSTRUMENT




- 93

Instrument Development

Based on the responses from the Spring 1998 interviewees, we formulated a
question tree, shown in Figure 1 on page 94.. The question tree consists of a eeﬁes of ten
questions, 'eech evith a dichotomous r.esponse. Depending on the answer to a particulaf
question', a student progresses to one queetion or another, so that a student actually
answers only fouf or five of the available questions. fhe questions focus first on
experience with physics, in order to distinguish previously-knowledgeable students. '
Remaining questions deal with students’ behavior in group si;cuations or on homework
assignments. The path traced by student responses deternﬁﬁes his or her greup learning
categorization. :

For use in the Fall 1998 semester, the question tree was modified into a more
easily adrninistere& survey, shown in Figure 2 on page 95. In an attempt to emulate the
“tree” structure, any answer to a given question was accompanied with specific
instructions that students proceed to another, often non-consecutive que»stion. The .
instrument was designed so the number of questions to which a student answered “Yes”
determined his or her categoﬁzation: four “Yes” answers constituted a previously-
knowledgeable, three an agg?essive—conﬁdent, two a cooperative-confident, end SO on.
This structure was; created so that previously-knowledgeable students could be identified

immediately upon submitting their responses.




QUESTION TREE FOR PHYSICS 201

I. Havcyou ever
taken Physics before]

2A. Does your Physics 2B. Do you have any casual
experience stem experience with Physics?
from a high school (electronics or astronomy,
Physics course? » yfor example)
3A. Didyou have a 3B. Has)'our experience 3C. Are you confident in
positive experience involved hand-on your ability to learn
JnN this Physics course? experimentation? V Physics? \Y
4A. Do you feel you've 4B. Do yocl tendlo be AC. Df)o.u tend to be
retained some ofthe outgoing or vocal outgoing or vocal
basic information in group situations? in group situatimis?

presented in this
. Physics course? X

4'. Do you lhid that, on
your own, you work
tlirough assigiunents..,

quickly ataX qgwer
Previously- Aggressive- Cooperative- Cooperative- Passive-
Knowledgeable Confident Confident Uncertain Uncertain.

FIGURE I: Question tree created to categorize student into group learning styles. This question tree was later formulated into the
categorization instrument used in the Fall 1998 semester.
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Physics by Inquiry Introductory Questionnaire

Name:_

Start with Question 1 and, according to your response, proceed to the next appropriate
question; Don’tworry. You'llonly end up answering four or five questions.

I- Have you ever taken Physics before? Yes (goto 2) No (go to 3)

2. D 'i'c'i'you lake a physics course in high Yes (goto 4) No (gotob)
school?

3. Do you have any casual experience Yes (goto 5) No (go to6)
with Physics (astronomy, for
example?)

4. Are you comfortable with fractions and Yes (goto 7)  No (go to8)
ratio math, and have taken algebra?

_ : ilssssg 11

5. Was your Physics experience 2 Yes (goto 8 No (goto 6)
hands-on? ”“”Il“

6. Are you confident in your ability to Yes (goto 9) No (goto 10)
learn Physics? H

7. Do you think you've retained some of Yes (stop) No (stop)
basic knowledge of Physics?

8. Do you tend to work through Yes (slop) No (slop)
assignments quickly?

9. Are you generally outgoing or vocal Yes (goto 8  No (stop)
in group situations?

10. Are you generally outgoing or vocal Yes (stop) No (stop)

in group situations?

FIGURE 2: Categorization instrument used to determine student group learning
styles in the Fall 1998 semester.



96

Problems with the Categorization Instrument

When the instrument was administered to the students in the Fall 1998 semester,
several problems were revealéd. ‘The most obvious problem séemed related to the
instrument structure itself. Many students fail‘ed to' pay attention to the instructions telling
them to proceed to a specific, non-cbnsecutive question, often answering all ’;en questions,

‘regardless of their applicability. For instance, a student with no physics background
answered quéstions asking aBout the experiences in the physics class(es) they had taken.
This happened in spite of repeated explicit verbal instructions télling them'.t'(») answer only .
the questions directed by their previous answers. S};ould this particular question tree
struc.ture be used again, a more successful approach might be to simply have students
circle answérs'along the tree itself. A pictorial descfiption might eliminate the propensity
to answer all'the questions. |

A second, mo.r_e subﬂe, problem appeared when it was discoveréd that none of the
students had classified themselves as passive-uncertain. There are two potential sources
for this discrepancy: e_:i_ther no passive-uncerta;in students enrolled in the Fall 1998
semester, or the nature of the questions precluded students from identifying themselves as
such. Considering student descriptions of their own attitudes, as well as the behavior of
their fellow group ﬁemﬁers, it'is possible that neither section contained any passive-
uncertains. HoWevef, we must consider the possibility that thé instrument is ﬁawed.

Further examination of the questibﬁ tree in Figure 1 on page 94 and the instfument

in Figure 2 on page 95 reveal two questions that'may have presented problems. Question
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3C in Figure 1, “Are you confident in your ability to learn Physz‘cs? ”, may not be
appropriate in this context. It is reasonable to assume that many students entering a
physids course would only be there if they displasled éome confidence in their ability to
learn. If one notes the structure of the question tree, it can be seen that question 3»C is
along only one of two paths leading to a cooperative-uncertain categorization. Since no
students who answered question 3B (the other path to a cooperative-uncertain
categorizatioﬁ) answered it in the affirmative, it would appear that this one quegtion not
only eliminated all paséive-_uncex‘rain categorization, but led to the categorization of all the
cooperative-uncertains. The main pprbose of this question was to ferret out students’
self-confidence as science learners; it may not have accomplished this purpose. An
improvement to the duestion might be “Do you think of yourself as a science persoh? 7
This wording should be tested, however, as it m.ay' make sfudents wit}_l no sciencé
background overly proné to not classify themselves as gooperative-uncertains. '

The otﬁer question Which presents some difﬁculfy is ciuestion 4B (also 4C) in the
qﬁestion tree: “Do you tend to be .outgoing or vo'cal in g7‘oitp sitﬁations? ”. Whilg there is
no evide;nce to shov‘v that students felt primarily biased towards one ;cmswer, further
consideration leads us to believe the question could be misinterpreted depending on how

_the student interpreted the phrase “group situations.” In a close peér group, even an
extremely shy student migﬁt be outgoing. More appropriate wording should e_mphasize
the fact that students will probably not be grouped wifth close friends. Therefore, we feel
the question might best be modified to read, “When meeting people for the first time, do

you tend to be outgoing? d
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In addition to the two questions mentioned above, it might be appropriate to alsq
reconsider question 4” of the question treef “Do’you find that, on your own, you work
through assignments — quickly? —ata slowér pace?” In this case, though, the
modification is derived from a greater desire for political correctnéss. It is possible that
some students will interpret the word “slower” as mildly derogatory, éveﬁ if it the concept
i; accurate in the context of the question. Therefore, aﬁ appropriate rewording of the
question might be: “A¢ what péce do you work through assignments? — I work quickly. —
- I take my time.” This would eliminate the use of the word “slow.”
A modified version of the question tree is shown in Figure 3 on page 99. We

anticipate that the changés imposed will improve its accuracy and lead to more consistent

categorization when it is used as an instriment in future classes. -




QUESTION TREE FOR PHYSICS 201 (MODIFIED)

I. Have you ever
taken Physics before”

2B. Do you have any casual
experience with Physics?
(electronics or astronomy,

2A. Does your Physics
experience stem
from a high school

Physics course? . yfor example)

SC. Doyou think of
yourselfas a
science person”

3B. Ilasyour experience
involved hand-on
experimentation? X

3A. Did you have a
positive experience
jn this Physics course?

4A. Do you feel you've 4B. Whenmeetingpeople
' Y Y for thefirst time, do

retained some ofthe .
S ) tend to be outgoing?
basic information

presented in this
. Physics course? X

4 . At whatpace doyox
work through .
assignments? \

QUfCKLY.
Previously- Aggressive- Cooperative- Cooperative-
Knowledgeable Confident Confident Uncertain

4C. IfHen meeting people
for thefirst time, do
tend to be outgoing?

Passive-
Uncertain.

FIGURE 3: Modified question tree derived from the discussion on the Appendix. Questions which differ from those in the original

question tree are shown in italics.
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