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Abstract: In this study a dynamic systems approach and analyses is used to identify dynamics
that constrained the collaboration of a group of teachers to complete a reform-oriented
curriculum task in a professional development setting. A central goal was to identify
challenges to achieving emic or self-organized structure necessary for sustaining innovative
educational programs. The study found that a local social and emotional dynamic influenced
the emergence of a strong global dynamic of social support that ultimately produced the
contextual outcome of low productivity. The paper asserts that teachers need intentional
training to gain skills for working autonomously. Helping teachers become aware of the
dynamics needed for successful collaboration would assist in achieving self-organized
participation. An important contribution of this study is the application of a dynamic systems
lens, which enabled the location of levels of micro and macroscopic influences that can be
used to inform future professional development activities.

mirouclion

The research reported here follows on a series of studies that have investigated the complex or non-linear nature
of teacher interactions in professional development activities ("loon et al., 2010). Previous research has revealed
differences in the way that teacher groups display more or less adaptive collaborative activity (e.g., Horn &
Uittle, 2010) and how collective approaches in professional development influence teacher growth and student
learning (Desimone, 2009). Some research has suggested that differences between how teacher groups function
may be attributed to several variables which include a lack of understanding of how to self-organize effectively
as a team (Main, in press). However, the general consensus in the literature about teacher collaborative groups is
that we still know every little about how they operate and the interactional processes that lead to problem
solving and decision making (Havnes, 2009; Meirink et al., 2007; Scribner et al., 2007). The often non-linear
nature of team formation and development (Ito & [Irotheridge, 200[) coupled with the need to promote
collectivity suggests that investigating the interaction of teacher groups requires methods that can accommodate
these characteristics and capture critical impacts on collaborative activities as they emerge. To date there appear
to be few methodological tools that can do this systematically. Thus, in this small group case study, I use a
dynamic systems approach as a methodological tool to investigate the interactions of six teachers as they
collaborated to construct reform-oriented curricula. I wanted to examine the utility of this systematic process in
revealing the complex nature of interactions that enabled or constrained self-organization. I was also interested
in understanding the developmental dynamics that shaped the grouplsl ability to accomplish a systemic reform
task.

O Onlic Dislells [lrolecl! [0 [nlersInlin{ [Jroul] CleliliT]

Dynamic systems are complex organizations of interacting parts that work together to give rise to patterns of
behavior over time (Churchill, 2007). Through these lower level interactions that are initially unstable, more
stable patterns emerge and solidify into attractor states that the entire system tends toward ([Iranic et al., 2007).
For example, Martin et al. (2005) have studied how childrens play partners, while initially variable, organize
into coherent friendship clusters due to individual differences in personalities and other behavioral
characteristics. While perturbations can shift the configuration of the system temporarily (e.g., a new person
monopolizes a friend[s attention), depending on the strength of the attractor (e.g., friendship bond), the system
will form very stable behavioral states (e.g., friendship resumes). How attractor states form and settle over time
are known as self-organization and emergence in dynamic systems and can be tracked over time to explain the
evolution of system trajectories ([_ewis, 2000; Steenbeek & van [Jeert, 2007; Thelen & Smith, 1994).

The self-organization or emic nature of dynamic systems aligns well with the local or peer-to-peer goal
for our professional development activities. Methods for which to understand these dynamics also connect well
with this study(s focal interest in how teacher interactions can shape outcomes. For example, Farmer et al.
(2007) and [lichtwarck-Aschoff et al. (2000 identify developmental factors that work together as a system of
correlated constraints. They discuss how system components mutually influence each other and become
aggregated in macroscopic patterns to constrain or control the entire system activity. A coherent model that
categorizes such local and global dynamics with contextual outcomes can be found in Arrow et al. (2000) in
which small groups are viewed as dynamic systems. The case study in the present research uses this model and
defines local dynamics as rules of activity for parts of the system, i.e., the teachers, and global dynamics as rules
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of activity for system-level properties that emerge out of local dynamics. These are the patterns of behavior or
system attractors that stabilize in the professional development group and influence contextual outcomes.

Lelllolls

CCrficiCn’s [n[1Conle[ ]

The study investigates the interactions among a group of six teachers who worked together for 10 months. The
group was comprised of three males and three females from six different high schools in a large urban school
district. Teaching experiences ranged from 5[26 years. Teachers taught across different science disciplines and
all high-school grades. More details about selected participants follow. Teachers participated in a ten-day
summer PD workshop in August of 2010 (50 hours), and then in monthly meetings from September 2010 [1May
2011 (35 hours). Their task was to create a publishable high school science curriculum book using units they
already constructed for a larger project on 21% century problem-based learning and digital participation.
Teachers were selected due to their demonstrated commitment in the larger project, their pedagogical skills in
delivering their curricular units, their perceived abilities for leadership, and their perceived ability to collaborate.
Teachers were told that the project was ultimately aimed at producing curriculum that was vetted and
constructed by teachers for teachers for implementation in real-world urban classrooms thereby increasing the
potential that new teachers would be able to use the curriculum successfully. The goals of teacher ownership,
collaboration and decision making were greatly emphasized and teachers were given the message that self-
organization was a major expectation, i.e., that there would be little input from researchers as to how the book
would be constructed.

LU Dources[ 1[I Colinl] [nll [nCl ses

Data sources and analyses included: 1) Initial surveys of participant demographics that collected experiences
and goals for participation; 2) Six individual interviews at the end of the summer workshop 2010; three
individual interviews at the end of May 2011. Interview questions asked how participants felt about the
collaborative effort, what their role in the book project was, and reasons for why particular project and group
outcomes emerged; 3) Sixty hours of recordings from both the summer workshop and monthly sessions
documenting group activities and dynamics; and 4) Five surveys of collaboration rankings during the summer
workshop in which participants were asked to rank other members of the group from 1-5 in terms of who was
the most central person in the collaboration task, a rank of 1 being most central. Initial surveys were used to
establish an understanding of each participantsl unique set of qualities and experiences that potentially
influenced local dynamics such as having less teaching experience than others in the group. Interviews and
recordings of group meetings were qualitatively mined by the researcher and two doctoral research assistants to
look for local and global dynamics and contextual outcomes as they emerged over time. To validate the
findings, the global dynamics and contextual outcomes were reviewed with participants in the May 2011
interviews. For collaboration rankings, an in-degree score for each teacher was calculated from the average of
teachers( collaboration rankings for each time sample. In-degree scores can be used to represent an actor(s
prestige or status in a system (Wasserman & Faust, 1994). In this study, the in-degree score was used to
determine who might have influence on group dynamics at particular points of the study. The lower the average
number a teacher received, the higher the degree of centrality. A sample of the findings is presented below.

Resulls

Local dynamics (rules of activity for the teachers): Table 1 shows the in-degree scores of the
participants in the study. Participant trajectories illustrate who had influence in the system at specific points.
Don ranked near the top or at the top during the first week of the workshop while Isabells ranking was at the
middle or below. During the second week, Isabel and Don's rankings switch on Day 7 where Isabel had the
highest in-degree score. At the end on Day 9, Isabel returned to her normal middle spot while Don's position fell
to nearly the bottom.

Table 1: Teacher's in-degree scores based on a ranking of like-mindedness
In-degree Score In-degree Score In-degree Score | In-degree Score

Ranking |In-degree Score

Day 1 Day 3 Day 5 Day 7 D ENAY
1 Carol (1.8) Don (2.6) Don (3.0) Isabel (1.8) Bill (1.8)
2 Don (2.0) Carol (3) Bill (3.0) Carol (2.3) Carol (2.2)
3 Isabel (3.0) Bill (3.3) Carol (3.4) Don (3) Isabel (2.4)
4 Stan (4.3) Isabel (4.0) Isabel (3.6) Bill (3.3) Stan (4.2)
5 Shelley (4.4) Stan (4.0) Stan (4.2) Shelley (5.6) Don (4.3)
6 Bill (4.5) Shelley (5.0) Shelley (4.8) Stan (5.6) Shelley (5.5)

ISLS

168



ICLS2012 Volume 2: Short Papers

1) reliel) olltheir inlilillal [Talitie[llel lerienlellanl] [oallllor [artililation helll/to [Jale [enle ol thele
tral¢[toriel loler tille all etaile[]in the nelt [eltion. [lon [lalithe ollelt tealher in the [rol ) [Jho [alle to
tealhin[Jalter a [erie[Jo[ll0[[Jin the [orlorate [lorl[I [elallé he [lante[Ito [Jale a [illérene in [oliety. [JilJ
CoallJlor [artililation [lere to helllother tealher(lleel [ol[llortalle [lith nel] [elalolilal allTtoalhel) [t the
tille olithe [TT]ler [lor[TholThe [JalllJorlinllon a [lalter[/[eltee in [allily theraly anl[lintenlel/to [lale
another [areer [hanle [tol] tea'hinl! [n the [Jor[ Thollinterliel!"he [ellril el hi[llontrilItion alleelinIthin[1]
litht anl] [o0[ial to en[lte that the [tollJhalllTh. [le olten [illT1TelIthe (il 11t [Ttreallratil lan[]lolial i[1Tel]
that i/l altel] [t [ent[Tlan[ltealher(T/lilel]in the [iltri(t. (n [ontralt[/[Talel [lallthe yo[hlelt tealher in the
(rol 1 [ith [l e year[Jolle[ lerienle. [ler [oallllor [artilil ation in[l[TelJan interet in Lontril [tin[/to [Tien[e
ellTation an/Ito il [ alt the [talti’e ol other tealher[ /[y lonltr[[tin[/[ool][Ttrilla. She e[ltrellel an intere(t
in el entlally [oin[]a [oltorate in e[| Tation. She [Jante[Ito [artililate in the [TT[ler [lor[TholIto [ollal brate
Uith CilTerent tealherl] (n the [Jay 2011 interliel ][ Ihe [ailllhe [elt that [he hall[Jany [oolJileallto [hare [ It
lilhitlleel that (he hallthe althority to [ Th thel] in the [foT!

Global dynamics (rules of activity for the group): o inlelfirate the [olal TynalJilTithat e[Jer[eat
the [ylte[] le[el[Jor[ Thollrelorlin[ 1l lere [Jine[to ilentily [attern lin [tol[Jinteraltion/Jthat [Jay hale [een
inlllenlel] [y the alole lolal tealher [ynalJill] Sinle the tallJre[Lire[Ithel | to [Jale [elilionJlalolt hol] the
(Ttrilllar Cool) o1l [e Lonltr[[telIthe analylil[onlentrateon inltanlel[lin the [illo tle [lhere the [roll]
hallto [Jale a Lelilion. [rol! thillanalylillthree [lolal [ynallilllellerlel[i.e.[lolial (I ortl antilllor[[lan(]
Lon/tirol [lthe [oat. [ilenl¢ ol the lir(t [ynallillil )/ relentel ] elol].

The social support dynamic: ChilllynallillJalalolt [toll] el er[l[ainin[ [oral (Il ort Hol] ealh
other anl| [harin/lel[erienle/]alolt the [hallen[elthey [dlel alltealher[ | lorlin[lin a [y[Iln/tional [t[an
[Thool [iltrilt. [lon(l erlonal [ynallilTlan[I[oal Ileinllalilhel![ith [6[ial an[Je[lotional [I1 T ort' Iontinlally
inllenlel] other[]in the [toll! to [artililate in [olial [harin[] rather than [ol[l[letin[! the [Ttril[1[T]
Lonltr[Ition. [lon allo halla [tron[lanl]lorlel[l1 [erlonality Il hilh he ill[leliately elerte[! [hele [ynallill]
lan (e ol lerlellin the [ollollinlJelTer[tollllay 1 [illolt(¢. Belore thille[ Ter[tlthe [roll![JallallTelto [elin
[alinl[] [elilion[Jalolt [hat altilitie[Ithey [lante[!to in[1[Te in the [Ttri([1[]. Bill [tarte[! on a line ol]
[i[1T1Tion alolt [ettin[] [arentlon [oar(l [le tallellalolt hol! [olle ol hil][t[lentl|[lent holle alter an
illlaltl] fello an[ tol[Jtheir [arentl]

CiTer(t 1000111t 202010 ay 1 holt 1011003

1. Billl]  So the [arent[|[TJere intere tel ]

2. [lon!] [[hatilla (reat [e[lol]

3. Bill[] (TiCht. Carent[ I Jerel]

4. Clonl] (that really i.[]

5. Billll  [Carent[][Jere interelfe[Jin [That [Jal[l oin[Jon [0 that tol[ ][ e rilht then

6. that the [l 1] Jent ho[Je anlJtol[ Itheir [Tarent[1]

l [lonlJ moocooo.o

8. Billll  [Jell Delre CoinIto [e CoinlJthil] [ Callloethin[] i lerent an)

O Unl[hen [y Larent[l[alle in on [arent! nilht[ [1T][aylyolllholl [elll]

10. ilyolt [hillten Lon(t [hol] elaltly [Jhat [iellIthey [Jant to [0 intol]

11. thillllayle a [iell 'that yo[t [hillten [o[1[][0 into

12. lo [y [Tttin[lin a hoo!I[lith yo(t [arent that [ale thel| intere/te[ | hilh [lale
13. the [hillren a little [lore intereltel![in [hat[l] oinlJonl]

14. Conl] [So il le are [oin[ [ to [0 that

15. atleatnol] [le [an(tl [Tealllor yol![elalle yollare ol tlile the [Thool [iltri[t[15.
16. CarollJ [Tlilht(]

1] Conl] thinlinllalolt [TT1)e hale the [ir't [lee[[TIle[Tay an[][]elhellTay

18. ((FolTinllthe talle)) [lelte olTlor tllo [ay[Tthen [e hale [0[t [ay[lan[that[]
101 an[lthat [h(t[Tay nilht[that[TlalTlto [Thool nilht. So il [le(re [oinlto [0 it
20. Billll  [llean that(llal [Tl lean’]

21. [lon!] [l leanlit(lla [oollilea

22. Bill [([iht an[ T

23. Lonl] [IIt [le Lottal Lo it early.

24, Billll  ilht UelMhale tol1Je[Mhale to [o [Tollethin[Jli’e that early.[]

25. Lon'J [Belalle [le literally halel]

26. 6 Laylllntil [alllto [Thool nilht.
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Chen Stan el [lainelthat he [ontinlelJto hale trollle [ettin[JhilJ(t[entlJto [iTh [ [y [onlent [or[I[] [Tol[]

there he tallelJalolt hol] hilltealhin[Irolter halJallo [hanle[ ] lJilITellelter [hi'h [toll[te[IShelley to [hare
her olIn il1Te[[lith the tealhin[Iro(ter. By thilJtilJe[ the [onlerlation hal][Tirale[Jinto one that [lole[lallay
[fol] [elilion [lalinl[Jalolt [hat altilitie[ 'to in[1[ e in the [Itril[1[[]. [tol] the [i[lo[t[¢ el ler[tlthe tone ol
Uon/Mlol][Jentl][Jere [altionary [Ie to the [dlt that tealher[Ineelel/to [tay in line [lith the [iltrilt[[Jolten
irrational [elilion[!([ITh allthe tillin[Jo[Ilalllto [Thool ni'ht). [thillo[enelIthe Toor [or Stan an[Shelley to
[T their [rolelTional illlelto [arner [olial [ITTort [fol) the [rol ] [Thillllolal [ynallillollsocial support
olten [ollinatel|the [illolrle throlTholt the [lor[Thol] an[! in [ol[![ination [lith other ellerlent [lolal
Cynallil [T/ on traine[ | the [tolllalility to [oI[lete the [ITtri[[1[1] [onltr[[tion. [hillltron[]attraltor [lal]
initiate[ | anl| [[Ttaine[| [y [lon[lllolal [ynallilllallelilenlel] [fo[] the [ilToltrle¢ an[! hi[Thilh [elree ol]
Centrality in the [r(t [leel] [Talelll[Thole lolal [ynallilTlreltelentel] [ontrilTtion an[] [ollalbration[ rarely
Cartililate[lin [olial Tharin[] [a the [i[TTTion[[he olten atte[|[te[Ito relirelt the [rollto[lar[ 1[0 ITin[Jon the
(Tiri[T10T] ConltriTtion talll [lelTite her ellort[T/l¢leral [elilion([Tlalinllelilolel]Talel initiate[] lere lelt
‘hrelollel] [Then alTellto relelt on the [in[Tlo[I'tol T][ynalli[Tithat e[ler[elloler the 10 [lonth [ollaloration
[TtrinlIthe [Jay 2011 inter[ielJ[The [aillthe [tolT][dlialilel]a lot anlThylothelile[Ithat thi[l[ynallillin [art
eller[e[][Te to the relear'h [alilitator[[linalility to [Janale [Jon[T)ynalli[T] [€[T}i[] ortant to note [tol [lalle
1 that the [ay [Talel ranle[ 11 in the in[Teltee [Tore lolthe [TT ][ er [Jor[Tholl([Jay ) the [tole(t [/ Tent a
‘reat [eal ol tille in the [lornin[[i[ITTTin[[Jith the [toIIthe lillite[/ti[]e they hallto [ini'h an[][tle[Ithel]

to [lor(][Jore elliliently an[Ito [lale [reater [trile[/in the relJainin[][art ollthe [leel]l [Jolleler[[Te to the
‘talility ol the [tronl[] [olial [T Tort attraltor(|[Talelll! [olition [¢ll alain tllo [ay[llater ([lay [). [hele
Cynallil[] [tillately [tolTTell tllo lonteltlal oltlolle[lli.e.l'a lal[l] ol]lelllorlanilation anl] infol/[lete
(tril 1D [ hith LalTelthe [rolelt to [dll [hort olit[ ) oall]

Discussion and Implications

Similar to previous studies (e.g., Havnes, 2009), this research investigated conversational processes that emerge
in groups to understand the dynamics that impact collaboration (Scribner et al., 2007) and productivity. Using
Arrow et al’s (2000) framework the findings demonstrate how Don’s local dynamics influenced the emergence
of a strong global dynamic of social support that ultimately produced the contextual outcomes of the lack of
self-organization and incomplete curriculum construction. By following the dynamics that emerged over time
and by using in-degree rankings this method located potential source(s) of influence, evaluated the comparative
strength of the influence and hypothesized some reasons why the influence persisted. Between the two focal
teachers in this paper, Isabel who represented the dynamics of contribution and collaboration clearly had the
disposition and goals that were ideal for participation. However, her local dynamics did not influence the group
where Don’s appeared to dominate. Differences between the two teachers in terms of their experience and
personalities may have contributed to their abilities to influence the group. Another important contributor as
revealed in Isabel’s interview was the fact that teachers appeared to rely on the researchers to exert control,
despite the strong emphasis on leadership, collaboration, teachers as decision makers, and ownership.

But what is the reason for why this group operated in the manner that it did and how can knowing
about this help to achieve self-organization in teacher groups? The interactional patterns shown in the group’s
discourse can be explained through a dynamic systems lens. Initially, varying unstable local dynamics interacted
and the confluence of variables gave rise to patterns of behavior over time (Churchill, 2007). Don’s passionate
personality coupled with the expectation of external control solidified into attractor states (e.g., the social
support dynamic) that the entire system tended toward (Granic et al., 2007). Although perturbations (e.g., the PI
urging completion) had a temporary effect, the strength of the social support attractor continued to win out.
From this assessment, it seems that the perturbation needs to be stronger than the stable attractors the system
settles into. Other implications pertain to creating professional development structures that simultancously
address the local dynamics and needs of teachers and goals of the project. We saw that teachers wanted social
and emotional support of the collaborative group, but this function did not fulfill the curriculum construction
activity. A collaborative teacher group should succeed on both professional and personal levels to ensure
positive membership and productivity. Another implication of the findings is to provide opportunities for
teachers to become skilled collaborators. Teachers need intentional training and modeling on collaboration to
gain self-organization skills. This point supports assertions made by Main (in press) in that teachers may lack
understanding of how to work effectively as a team. Helping teachers become aware of the dynamics needed for
successful collaboration, as Scribner et al. (2007) suggests, would assist in achieving the goal of self-organized
participation. In order to identify these dynamics, an important contribution of this study is the application of a
dynamic systems approach and analysis that revealed local influences on global dynamics that can ultimately
inform future professional development activities.
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Endnotes

() Transcript convention used in excerpts follow the [efferson Transcription System

[ Tstart and end of overlapping speech ((laugh))[gestures or comments (2)[seconds of pause in speech

Underlining[lemphasis in speech (.)[hearable micro pause CAPS[] rise in volume
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