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Predicting Education System Outcomes: A Scientific
Approach

Theodore W, Frick
Indiana University Blagmington

Kenneth R. Thompson
Svstem-Predictive Technolagies Columbug, Ohia

OVERVIEW

:r;ﬁ::ti;dlgﬂllzngfné:d pmplcﬁwant to improve education. 5o do we, We believe that
i more effective, effici isfyi it is i
educational systems—both K-12 and highercv:;!:;a:iﬂ.“ummg St
e ﬂiﬂu:zln]:ri :u;?.hnv;r taught Ft;rfn while have seen several widely talked about changes
) mple, some of the innovations have been referred : sile-based
management, constructivist classrooms, technoloey | i st
. 5, 0Ly integration, school restructurd
Yes, even systemic change. Educators have correctly observ  atly
changed from what they can see. They vi 1s fo e i
ror - Lhey view new calls for change with a certain detac
?nrfws:;g;t:::hll l:.:-:eiind t:luE:J ls:tdltudes understandable, given the history of rtun:::::sl
novation: argely to make significant improvements i
think: Just;mothm‘ buzzword. Just another Eads. Ha hurr:." e
Why? We believe that the following questions have not been adequately addressed:

* Change what?
* Change how? and
* How do you know the change is working?

;ﬁ;’: musﬁ know whar to change in order to know honw. We must know whether the ch
. If;::f jle:e:; :hs;ian]f :nhd that the change does not have negative, unintended =ﬁ:2:g:
of change i i i ;

T e Ee 15 nonproductive. And, without knowing what o change,
A i : .

e ; mtaggﬁggé ::r:ril‘sﬁ::ﬁ;-fa:; ul;i Ing_e that is failing—it is structurally weak and is
. . ; & brdge is not fixed, it will colla d d i

plenge into the rver, When engineers desi s

. . . gn a new Bridge, they wtilize adeguate sciany
theories, No ane in modem times would consider designing a new bridge l:r:.eq:-ia] :;:::;E:

TUSt spots on an old car with body fller and paint i
. . put ] i
new nr;:. The overall structure remains unchupngod.p i e
any researchers have focused on the cha i
. nge process. We believe it is
Important to focus on the outcomes of change—that is, how well the new sy:::t:-lul:i

W want 1o cknowledge two peaple wi i i
| . wple who helpad with preparation af this er. ]
student in Instructional S].-'um_m Technology ag I|_1d:iana University, wu?mn;;f:riffr:::gg';:-l

predicted to work and how well it does work, We need both approaches—process and
outcomes: they are complementary. The change process could be effective, bur the resulting
new system may not have the desired outcomes, The new sysiem may be effective, bur the
change process may leave staff and families, ieachers and students bitter and exhausted, For
best resilts, both processes and outcomes must be satisfactory, This has not been predic-
table.
We are working squarely on the problem of predicting education system outcomes.
The predictions must be based on scientific theory, its implications, and data w support
the theory. If the predictions are not based on scientific theory, then how can we justify
expending great effort and resources, only to end up with something that is no better—or
passibly even worse—than what we now have? It is no wonder that educational practitioners
often distrust, resist, and undermine the efforts of educational reformers. The stakes are
very high. The consequences of mistakes can be devastating—particularly when changing
2 whaole system of education.

Understanding systemic change is not a simple matter, Educators will need to leam
new thinking patterns. Hart (1993} has noted that the vast majority of individual belief
patterns do not contain dynamic cycles. Cognitive maps of belief structures tend to be linear
with few, if any, feedback loops, Hart indicated that exceptions accurred with those people in
professions that taught them to think in dynamic cycles (e.g., ecologists, systems engineers).
Similarly, Senge (1990) has provided insight into business orgenizations by identification of
archetypal patterns of dynanic cycles, These patterns are not easily described or understood
through static print and diagrams. To address this problem of understanding, Senge and
his colleagues have developed role-playing activities and computer simulations in order to
help business people understand these patterns of dynamic relationships—some of which
run counter to individual intuitions about haw systems such as business organizations grow
and change,

For these reasons, we believe that it will be very halpful to educators, if they can
use computer software that will help them to design new educational systems. The soft-
ware must be usable, fAexible, portable, and user friendly. If the computer programs are
not user friendly, then the change process will not be adopted by busy education profes-
sionals. The products we are developing must be rigorous and usable, generalizable and

adaptable.

SimEd TECHNOLOGIES

SimEd Technologies consist of four parts:

1. The “Get Ready, SET, Ga!" change madel,

2, The theory moedel options set called Axiomatic Theories of Intentional Systems
(ATIS),

3. Computer software: Analysis of Patterns in Time and Configuration (APT&C),
and

4, Computer software: Predicting Education Syvstem Outcomes (PESOH.

Designed to work together, SimEd Technologies use computer technology to help
describe educational systems, predict system changes, and document the ouicomes of

change,
We will describe the Get Ready, S5ET, Go! model 1o predict educarional svstem out-
comes 1o guide the change process. This inguiry-based change model will utilize adequate
theory and computer programs that are currently under development. Then we will go into



;mm detailed discussion of other parts of the $imEd Technologies. The model is outlined
aw.

Get Ready, SET, Go!
* Phase 1: Get Ready
* Identify the specific current education system to be improved.,

* Over some interval of time, measure s properti i
% vstem rties using ou
software ATPEC (more below), N

= Pr_cdic: outcomes under existing conditions if nothing i changed in the svsiem
using our computer modeling tool PESO (mare below), i

. ;fﬂ'lzsc outcomes are whal are wanted, then do not modify the system. However,
if lhe outcomes are not desired, then the system must he changed so that the
desired outcomes can be obtained, If change is desired, proceed to Phase 2,

* Phase 2: SET

* Use PESO software to model newly envisioned educational ysterm desi
the desired feasible changes. < e

* Run PESO predictions out far enough in time 1o make sure all the conse-
quences of the newly designed system would be acceptable. This iterative
process will determine the outcomes of the system under the conditions de-
;;:cd E;}- the changes. Are these the wanted outcomes? If yes, proceed to

ase 3,

* Phase 3; Ga!
* Implement the new design chosen in Phase 2 in the education system.

o Aﬁgr the new education system has been established, then over some inlerval
of time, measure system properties with APT&C software.

* Verify that the measures confirm the predicted system outcomes. If not, then
analyze both the Phase-2 and Phase-3 processes to determine what modifica-
tlons are required.

PESO Simulation

ammm\'-'e 3;1; ;;ild{;l]g H:D;:;i:num simulation called PESO: Predicting Educarion System
25 wi slem conce redi
tions. PESC is a logic-based s?nula:inn. Pes and allow educaiors o focus o the predic

'_I‘he most familiar simulations are scenario-based programs that provide “scripts™ to
dlclerrmlnt ocutcomes. A familiar example is SimCity (see http:/fsimeity.ea.comy). Seripts for
simulations can be narrative or quantitative. Narrative seripts characterize the qualitative
pamnel:rs‘of 4 system—that is, the social, philosophical, and individual descriptions and
the uncertainty of future cutcomes, Quantitative scripts define the scientific facts known or
credible data, and quantitative models that are used to determine future uutcumes.l However
in hcth_nan-am-: and quantitative scripts the content is closed. There are a limited numbc;
of pﬂssIlfbll;: uum:_rmeis. and the seripts predetermine the outcomes.

the script lacks fidelity, then users may leam the i

consider what might happen if modemn flight sjmxb:lamrs that ::T;lidﬂ:;“ﬁmF;Imnﬂﬁ
commercial pilots lacked fidelity. A pilot in the simulator might discover, when encounterin
samething called “wind shear” while trying to land the plane on the runway, that if she ncrhE
pulls hard on the yoke, this would keep the plane from crashing in the s'll‘mllal:or. However,

in reality such an action will not work and the real plane would crash. There would be
devastating consequences for making the wrong decision. The bener course of action is to
not attemnpt to land the plane under such conditions, and wait until the storm passes. Thus.
2 simulation seript that lacks fidelity could be misleading and dangerous,

Friedman (1999) recognizes these kinds of problems with scenario-based models in
his report, “The Semiotics of SimCity,” when he states:

Of course, however much “freedom” computer game designers grant players.
any simulation will be rooted in a set of baseline assumptions. SimCity has
been criticized from both the left and right for its economic model. It assumes
that low taxes will encourage growth while high taxes will hasten recessions.
It discourages nuclear power, while rewarding investment in mass transit.
And most fundamentally, it rests on the empiricist, technophilic fantasy that
the complex dynamies of city development can be abstracted, quantified,

simulated, and micromanaged. (np)

On the other hand, logic-based models depend on the logic of a theory that has been
shown to be valid for the targeted empirical system, in this case, an education system,
The theory describes the empirical system in terms of its affect relations, properties, and
axioms. The theory is then used 1o project outcomes founded on the theory with respect to
input parameters. The instantiated axioms would generate a set of outcomes, which become
input parameters that instantiate yet more axioms. Unlike scenario-based models that are
closed due to the limited number of scripts, logic-based models potentially have an infinite
number of outcomes. Such models are more flexible.

PES( is a logic-based software tool that makes predictions for a specific educnional
system, based on current conditions. One must first chserve properties of that system
and determine how the values of those system properties change over some time period.
Properties may increase, decrease, remain constant, or increase (o some value then decrease.
When those changes in system property values are entered into PESO, the software finds
relevent axioms and theorems that match those conditions, and then executes the logic
of Axiomatic Theories of Intentional Systems (ATIS: Thompson, 2005). PESQ effectively
applies relevant parts of the theory in order to make predictions of what will happen in the
system.
Significant progress has been made on PESO software. The current profotype is
built in Flash using a programming language called ActionScript. Each of the axioms,
antecedents, consequents, properties. and property attributes are treated as “objects.” What
this technical capacity of software means is that the software can be easily extended
and modified as the theory is further developed and validated. In effect, PESO handles
the complexity of the theory by carrying out the reasoning according to the theory and
the specific conditions that are typed into the software. The examples and figures below
illustrate how PESQ does the reasoning—based on the axioms and theoremns of ATIS.

AN EXAMPLE OF PESO: PREDICTING EDUCATION
SYSTEM OUTCOMES

In the United States, all public schools are affected by No Child Left Behind (2001}
legislation. NCLB requires schools annually o assess student achievement at numerous
grade levels. Based on average test scores, schools are identified as succeeding or failing.
Schools that repeatedly fail to meet current state standards for student achievement are held
sccountable. Parents have the opporunity to send their children to different schools, if their

present school is not succeeding.



Figure 1. ATIS Axlom 13: If system input decreases, then filtration increases,
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Consider school #9 in Smithtown, USA, a fictitious school created for
Smithtown #9 has been identified as a failing school. If a particular s:hmlqizriitxmﬂ::gz
as :fall!ing according to state standards, NCLB permits parents 10 move their children o
a different school. What would happen as a consequence of falling enrollment? Student
anl]_ments are a type of inpur in a school system. Axiom 13 predicts thar decreasing
input implies increasing fltration. Filtration is a system property. A filter is something that
al[nwslccnain things inta a system but not others. One may not think of a label of “failure"”
according 1o state standards as a filter, but it is (see Figure 1),

In this F:ample. We are using systems language that is not familiar to most educators.
l_n each graphic, the system property (such as “fltration™) and its valge (e.g., increases) are
listed for an educational system. Each axiom is an “if . ., «then. .. " statement that is part
of the theory. These “if..., then..." statements are called logical implications. Axiom
13 states that—If system input decreases, then filtration increases, This is not a temporal

Figure 2. Axiom 11: If system input decreases, then stareput decrenses.

If input decreases Then storeput decreases ]

i
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| =a | || &

Fewer students attending
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Figure 3. Axiom 10: If system input decreases, then fromput decreases,

If input decreases

Then fromput decreases

/Hmm...there uren’t as many
_ diplomas to print this year!

ADMINISTRATIO
b

Enrollment

Fewer students to graduate

relationship, but a logical relationship. If it is true that input decreases, then it is also true
that filtration increases. It does not matter which occurs first,

Does the systems theory make any other predictions? Yes, PESO identifies axioms
11, 10, and 16 as relevant. See Figures 2-4.

The predictions, pictured in Figures 24, tell this story. If enrallments are decreasing,
then the overall number of students in the school will go down, and eventually fewer will
be eligible to graduate and leave this school.

But wait-—there’s more! In fact, this 15 one of the most significant features of the
PESO simulation: chains of implications. These chains are based on the premise: If A
implies B, and if B implies C, then A implies C. To continue the example, Axiom 28 is
triggered by Axiom 13, See Figure 5.

How could Smithtown School #9 adapt? Given the prediction that the NCLE label of
“failing school" will result in a lower student enrollment, actions can be taken (o prevent that

Figure 4. Axiom 16: If system input decreases, then feedout decreases.

If input decreases | Then feedout decreases

L1 =
Year 2 Yiar 3

Enrollment falls

! Fewer graduates
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Figure 5. Axiom 28: If system filfration increases, then ndaptability increases.

If filtration increases 'Then adaptability increases
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from occurring, System theory embedded in the PESQ software offers Smithtown School
options for actions that could prevent lower enrollment. Smithtown could consider actions
increasing system strongness with respect ta instrucrional affect relations, If strongness of
instructional affect refations is increasing, what does ATIS predict?

035; If strongress increases, then hierarchical order decrenases,
056: If strongness increases, then fexibility increases,

L06: If strongness increases, then toput inereases,

LOT: If strongness increases, then input increases,

108; If srrongness increases, then filtration decreases.

Figure 6. Axiom 36: If system strongness Increases, then hicrarchical order decreases.

If strongness increases Then hierarchical order |

decreases |

E-learning Frer
siflware Hiilgrs |

More ‘guitﬂan:e of learning’ [ Before: Teacher is main guide.
connections for students After: Multiple guides

of learning.

Predicting Education System Ouicomes 69

Figure 7. Axiom 35: If system strongness increases, then flexibility increases.

If strongness increases ‘ Then flexibility increases

I R
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; learning of students

How could Smithtown increase strongness of instructional affect relations? The school
could offer mare guidance of student learning by bringing in teaching aides, either paid
or volunteer, or by providing more instructional technology that can actually guide learn-
ing. Peer tutoring programs in which more advanced students could tutor less advanced
students would increase the guidance of learning, As can be seen above, the theory pre-
dicts that quite & few things would change in the system if strongness were increased. See
Figures 6-8.

In Figure 7. it can be seen that if strongness increases, then flexibility increases.
Flexibility means here that there are more different kinds of alternative paths through
which guidance can ocour. For example, the teacher could be guided himself or herself by
e-learning materials and then guide students, and likewise for teacher aides. Or the teacher
can instrect some students. who then in turn instruct others, etc. In Figure 3, filtration is

Figure 8. Axiom 108: If system strongness increases, then filtration decreases,

Then filtration decreases
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| SMITHTOWN SCHOOL #9
e

b I
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decreased by removal of the “failure™ rating by meeting NCLB criteria for annual yearly
progress. Axiom [08 predicts that if strohgness increases, then filtcation decreases.

There are additional axioms and theorems that are tiggered by increasing strongness
of affect relations, but space precludes discussion here.

ATIS: THE BASIC CONCEPTS

ATIS (Axiomatic Theories of Intentional Systems) is a theory model options-set
that is designed to construct scientific theory for certain types of behavioral systams. In
panticular, it is used to develop behavioral predictive theories and technologies,

ATIY is founded on a basic principle that we all rely on day-to-day to make decisions
about what we do, The principle is based on Jerome Bruner's (1990} conclusion about haw
we derive meaning from our cultural contexts—ihat is, the systems in which we live:

We will be able to interpret meanings in a principled manner only in the
degree to which we are able to specify the structure and cohersnce of
the larger contexts in which specific meanings are created and transmitied.
(pp. G4-65)

We normally do this interpretation and integration of observed phenomena intuitively.
If in fact aur world were not well-organized and intuitively predictable, we would not be
able to function in our daily lives. We know that if we show up for work and do what we are
suppased to do, our job will still be there the next day—assuming that the larger cantext in
which we work does not change.

Students know that if they study their text assignments, listen in class and comprehend
what the instructor is saying, and work the problems for the elass in such a manner that they
get the correct answers, they will receive a grade that reflects the quality of their work. That
is, if & student consistently receives an “A™ on quizzes, tests, Teports, etc., then that student
Expects (o receive an “A” for the course. If such students end up with a “C” for the course,
they know that there is “something wrong.” Why is there something wrong? The continual
integration of data into their thinking gave rise to a new structure that reaffirmed their
pereeptions that they were doing well. When they received a “C." it was not consistent with
the principles upon which they had been relying. Their immediate reaction—the instructor
really messed up! They will go and get the grade changed becavse it does not reflect the
structure of the system that they had come to expect.

ATIS relies on the observable fact that our lives are more predictable than not, If the
ouleames are not what we expected, then we did not have full knowledge. The behavioral
seiences are distinct from the physical sciences mainly in terms of what we actually know
about any particular event. If we knew mare about an event, our prediction may have been
correct, We all believe that events are predictable—if we only knew more, That our lives
are more predictable than not is the basic tenant of ATTS.

If we did not know that, if we treat our children in a certain way, they will respond
predictably, then child rearing and education would be impossible, The slogan that “all
children are differemt” is a platitude, but, if they were. education itself would nat be
possible. Children are all “different™ in that we know that we must treat them and recognize
them individually if we want them to achieve, but we alsa know that children learn by just
such attention.

Are different outcomes predictable for educational systems? Of course they are.
Differing outcomes can be attributable to a variety of conditions including “sttention of the

child,” “teaching skills of the teacher,” “intellect of the child,” “intellect of the teacher,”
and “physical surroundings.” The question is not whether an event is predictable, but
whether we know what we need o know in order 1o make the prediction. AT1S helps 1o

focus anention on what one needs to know, and provides the structure to make a reasoned
decision conceming the oufcomes.

BACKGROUND OF ATIS: GENERAL SYSTEMS THEORY

The concept of geaeral systems theory (GST) was first introduced by Ludwig von
Bertalanffy in 1949, Bertalanffy (1968) argued that there exists a ge:n:rn_l 1th1p that could
characterize the behavior of systems, regardless of whether these are sc:uz|_mﬁc, nslnirul.lur
social; and he proposed GST as an interdisciplinary theory that ::nu]d.cnnmbute to the unity
of stience. System behavior results from the relationships between its companents, and iz
not just a simple summation of its parts, The characteristics of exch system component
therefore cannot adequately explain how the system itself behaves.

Since then, thers have been extensive contributions by others in the development of
GST as a logical and mathematical theory to provide an “exact language permitting rigor-
ous deductions and confirmation (of refusal) of theory” (Bertalantfy, 1972, p. 300 Dth.c_n
have also contributed well-developed descriptive theories (e.g.. Wymare, 1967, Comacchio,
1972; Mesarovié & Takahara, 1975; Lin, 1987; Lin, 1999; Bar-Yam, 2003). In :du-c;mml'n.
GST has been used by researchers o discuss educational systems design and systemic
chunge, but these approaches have not been grounded in scientific theory Ial:u:rut educational
systems (Banathy, 1991; Caine & Caine, 1997; Duffy, Rogerson, & Blick, 2000; Senge.
Cambron-McCabe, Lucas, Smith, Dutton, & Kleiner, 2000}, Rather these approaches
largely describe processes through which organizations can change, not whether those
changes arz likely 1o result in desired putcomes. )

The SIGGS theory madel provided the first extensive formalization of 8 GST much_:l
for educational theorizing (Maccia & Maccia, 1966, Steiner, 1988). Through the synl.hesa_s
of four theories: Set, Information, di-Graph, and General Systems, SIGGS provided a fogi-
cal deseription of general system properties, which enabled retroduction of 201 hypotheses
in a theery of school systems. Frick, Hood, Kirsch, Reigeluth, Walcott, snd Famfs (1994,
extended Maccia and Maccia’s work by classifying the system properties into basic, struc-
tural, and dynamic properties. This classification recognized that some SIGGS properties
were structural as they described the connectedness between system cumpan:msl{SIGJ__'?S
Web site, 1996a). YeL. others were dynamic and described how patterns of relaticnships
between system components are altered due to changes within the system or bet'.:re:en the
systern and its environmens ($/GGS Web site, 1996b). Thompson (2005) recognized that
the structural properties essentially defined the system topalogy. o

To provide a theory that is logically and mathematically sound, a system-descriptive
axiom set is needed. Although $/GGS was fairly comprehensive, there was no attempt
to analyze the 201 hypotheses for consistency or 1o finalize an axiom set that w'?uld. be
the underlying axioms for a GST. Thompson has since been dmclugin\g ATIS, which is a
logico-mathematical theory model for analyzing and predicting behavior of systems that are
goal-directed or intentional. Using the original SIGGS hypotheses, Thompson developed
a nomenclature o define system properties, which improved the precision wulrh_ which
SIGGS properties could be used {Thompson, 2003). Thompson also identi fied an initial list
of approxzimately 100 axioms (subject to change, as this work is cn,gm_ng}. and extended
the 73 SIGGS general system properties to 136 in ATYS (APT&C Web site, 2005).

USING GENERAL SYSTEM PROPERTIES TQ DESCRIBE
AN EDUCATIONAL SYSTEM

The following are a few examples of the basic, structural, and dynamic pmpcrri:ﬁ
formulated in ATYS as applied 1o educational systems. For greater detail, the reader is referred



1o extensive repoms by Thompson (APT&C Web gite, 2005): hitpy/ferww.indiana.edo/~
apfrick/reports/.

Basic Properties

Basic properties define the initial attributes required to identify and analyze a svstem.
In ATIS, there are only three Basic propernies—complexness, general system state, and size,
For example, a system consists of at least two components that are connected by an affect
relation. Understood in the context of an education svstem, one example would be teachers
and students, who are components that are connected together by a “guidance of leaming”
affect relationship, These affect relations determine the complexness of the system. The
formal definition and logico-mathematical typology of “complexness” is:

Complexness, X(5), =y the connectedness of an affect relation,
Xi5), =g (Ag € Allx, Ve An Dxec C

Complexness iz measured by the number of connections.

Structural Properties

“Strongness” is an example of a structural property that describes relationships
between system components. “Strongness™ is defined formally:

Strong system (strongness), , 5. =y asvstem with affect relation sets characterized
by strongly connected components.

o =g 5]34;(.C)

“Strongly connected components™ means that all components in the affect relation set are
connected to each other, but at least one of the connections is unilateral (one or more is not
bidirectional; otherwise the components would be completely connectad).

Assume that we are examining the affect relation “guidance of leaming™ in a class-
room. If classroom instruction is solely from the teacher. for example, demenstrating,
explaining, questioning, prompting, and evaluating student responses, then such “guidance
of leaming™ is defined by the unilateral connectedness from the teacher to the studenis.
Stremgness can be increased if there were more connections between system components.,
For example, when students work in project groups, “guidance of learning™ connections
can be created among siudents as they share what they know with each other. Such affect
relations become “completely connected™ when all of them have bidirectional connections
with each other, “Completely connected™ components are defined formually:

Completely connected components set, oo C, =g 8 set of system componenis that
are pair-wise path-connected in both directions.

ool =g X={rlxeRC HndyveRx£yralx,y) e, E]]

Dynamic Properties

“Adeptableness” is an example of & dynamic property that describes how the rela-
ticnship between system components changes over time. It is defined formally:

Adaptable system (adaptableness), . 5, =4 8 system compatibility change within
certain limits 1o maintain stability under svstem enviommental change.

25 =g A5 yum = ACm < @ Fsp Sunan

For example, & schoal system has high adaptability if its graduaﬁun rates do not vary
significantly when the standards for passing state axaminations are l‘aISE!:L o

“Filration™ is another example of a dynamic property. It describes the criteria a
systern uses to determine which toput gualifies as input to the system. The eriteria for
selecting its applicants act as a filter for entry to the school (2.2, 5uf|iemls Mu:l are less
than 5 years old are typically not allowed to enter K-12 schoals). “Filiration" is defined

formally:

Filtration, F(5), =y the set of topur system-control qualifiers that control feedin
of foput.

F(5) =ar [POOIP(x) €1 Le A A% g (g, - Tp %7 Le — (Tp, 1))

THIS IS GETTING PRETTY TECHNICAL—HOW CAN IT
BE MANAGED?

The busy education professional may wonder, “Do [ have to De a mathematician to
benefit from these concapts in my work?” The short answer is: Mo, you don't have to. We
don’t have to be enginears to drive our cars of Use our MICTOWave ovens. We can use devices
built on scientific theories without knowing all the details.

ATIS is quite complex and very detailed. It is difficuls, even for the present au-
thors, to keep mack of all the detail. This is where we beligve that computer lechnoi:?gy
can help us. We are building o software simulation, called PESO: Predicting Education
System Outcomes. PESQ will keep track of all the details, allowing us to focus on the

predictions.
HOW PESO MAKES LOGIC-BASED PREDICTIONS

Even though there are over 200 axioms and theorems in ATIS as of this writing
{APT&C Web site, 2003, only 5 axioms apply pnder the condition: input dec_r:as:s.
Axioms 10, 11, and 13 predict three outcomes of decreasing input. However, Axu:lnn 11
predicts a decreass in storeput, which triggers Astom 16, Similarly, Minm_ 13 wiggers
Axiom 28. This kind of chaining illustrates how the inference engine that is built into
PESO works. PESO actualizes the logical implication of transitivity—for example, if A
implies B, and if B implies C, then A implies C,

PESO will carry out the implications, as illustrated in Figures 1-8 above. First, the
user must enter the specific conditions that currently exist for @ particular school system or
district. PESO then finds all the relevant axioms and theorems from ATIS and uses them t.D
make predictions about this particular system—aot other systems, not all systems, but shis
system under these conditions. n . o

How will vou know, for example, whether input is increasing, flexibility is de-
creasing, or filiration is increasing in your particular education systemn? You will need
to measiure these system properties. This means you will need to observe, collect data,
andjor use existing data about your education system, You will be able to use AI.PT&C
software [0 assist in the dara collection and analysis. This will help you identify the



temyproral and structural parterns in your education system, and it will do the caleulations for
VO

SimEd TECHNOLOGIES WILL INCLUDE APT&C SOFTWARE

Analysis of Pattems in Time and Configuration, APT&C, is a different kind of
measurement paradigm, APTEC is a mixed-mode research methodology and software
ool 1o help create knowledge of education systems that s directly linked to practices
and changes in practices. APTE&C bridges the gap between traditional linear models in
guantitative research and qualitative research findings that lack eeneralizability (Frick,
1990, 2005). APT&C builds on work done by Frick (1990) on APT and by Thompson
(2005).

APT&C iz different from the widely used Statistical Package for the Social Sciences.
SP55 uses the traditional approsch o measurement and statistics that requires vou to
measure things separarely, and enter numbers for each variable such as a student’s test
score, age, or grade in school. Then you analvze the data by using statistics such as
correlation, analysis of variance, regression analysis, etc. This i5 referred to as a linear
models approach by statisticians, Linear models statistically relare separate measures of
things.

In contrast, APT&C directly measures the relation, The difference is significant, In
the linear models approach, you will get an » value or the results of an F test, for example,
to tefl you whether a relation between or among measures is statistically significant. In
APT&C you will get different kinds of values that are measures of temporal or structural
patterns. For example, you could predict student engagement when direct instruction is or
is not occurring as Frick (1990) did. He found thar students were 13 times more likely to
ba off-task when direct instruction was not cccurring during academic activities. This is a
temporal pattern. In his study, students were chserved to be engaged about 97 percent of the
time during direct instruction, but only 57 percent of the time during nondirect instruction.
These percentages are measures of the temporal relation, and are based on probability
theory and set theory.

This kind of APT&C finding is similar to epidemiological findings in medicine. For
example, heavy cigarette smokers are 3—10 times more likely to have lung cancer later in
their lives (Kumar et al., 2003), and if they quit smoking, the likelihood decreases. While
causal conclusions cannot be made in the absence of controlled experiments, nonetheless
one can make practical decisions based on such epidemiological evidence, You can do
likewise with APT&C, The practical conclusion of Frick’s study is that direct instruction
engages students. If a teacher wants students to leamn, direct instruction is mone likely to
produce student engagement,

In addition te iemporal properties, APT&C will allow you to measure structural
properties of educational systems. Examples of structural properties were listed in Fig-
ures 1-F above, such as strongness and flexibilire. You will enter data into what are called
“affect relation matrices™ to indicate the structure or configuration of your educational
system. Then the software will “crunch the numbers” and provide the values for properties
such as strongness and flexibility. This is how vou will determine whether sirongness or

Alevilrility 1s increasing or decreasing over some period of time.

Once you have measured and analyzed these dynamic and structural pattemns in your
educarion systemn, then you can identify the specific conditions that exist regarding those
praperty values of your educational system. You use the PESQ program o then make
predictions of educational outcomes for vour system under these specific conditions. If, for
example, strongness of instructional affect relations is decreasing in your system, PESCH
will apply different axioms than if it is increasing,

Further information on AFT&C and additional references are found inc hitp
Neducation.indiana.edu/~frick/proposalsfaptdc, pdf,

NEXT STEPS

SimEd Technologies are theories, methodologies, and software t:::»u]s to describe
complexity in educational systems. PESO will need to be tried out and validated in real ed-
ucational systems, whether schools or school districts, charter schools, alternative Ischonl.s.
ar school to work programs. When it is established that PES( adequately describes and
predicts educational system outcomes, educators can use SimEd Technologies 1o model the
consequences of educational systems changes. SimEd Technaﬂa;ies will show educators all
the consequences, even the unintended consequences. of changing ane part of the compll_:x
educarional systems they direct. Better changes and better predictions of outcomes will

result.

REFERENCES

APTE&C (2005). Research reports. Retriaved on January 21, 2008, from hutp:/fwww.indiana.
edu/~aptirick/reports/.

Banathy, B. (1991}, Systems design af educarion. Englewood Cliffs, NI: Educational Tech-
nelogy Publications.

Bar-Yam. Y. (2003). Dynamics of complex systems. Boulder, CO: Westview Press,

Bertalanffy, L. von (1968). General system theary: Foundations, develapment, applications.
Mew York: George Braziller,

(1972}, The history and status of general systems theery. In G.J1. Klir (Ed.}, Trends
in general systems theary. New York: Wiley-Interscience,

Bruner, J. {1990). Acts of meaning. Cambridge, MA: Harvard University Press,

Caine, R, & Caine, G. (1997}, Education on the edge of possibility. Alexandria, VA:
Association for Curriculum Supervision and Development,

Cornacchio, J. V, {1972). Topological Concepts in the Mathematical Theory of General
Systems. In G.J. Klir (Ed.), Trends in general systems theory, Mew York: Wiley-
Interscience, 303-339.

Duffy, F., Rogerson, L., & Blick, C. (2000). Redesigning America's ,;c.fplum's: A sysrems
approach to improvement, Norwood, MA: Christopher-Gordon Publishers.

Frick. T. (1990). Analysis of Parterns in Time (APT): A method of recording and quantifying
temporal relations in education. American Educarional Research Journal, 2701), 180=
204.

. (2003). Bridging qualitative and quantitative methods in educational research:

Analysis of Patterns in Time and Configuration (APT&C). Retrieved on January 21,
2006, from http:feducation.indiana.edu/~frick/proposals/apede. pdf,

Frick, T.W., Hood, P, Kirsch, K., Reigeluth, C., Walcot, A, & Farris, H. (1994). Simulos-
ophy Group Report: Stah Intermational Conference on the Design of Soclal Sys-
tems. Retrieved on September 15, 2003, from hup:fwww.indizna.edu/~tedtrick/
sirmulosophy.pdf.

Friedman, T. {19993 The Semiotics of SimCity. H’r.i'hﬁand&y,4{4]._Rﬂu‘jeved on September
13, 2003, from hup:fwww firstmonday.dk/issues/issued 4/friedman/,

Hart, . {October, 1993}, Cognitive maps. Presentation at the Cognitive Science Colloquium
Series, Indiane University, Bloomingtor.

Lin, Y. (1987). A model of general systems. Marhemarical modeling, #2}, G5-104.




{13:;?&?;:::1 systems theory: A mathematival approach. New York: Kluwer

Maccia, E.5., & Maccin, G.8, (1966). Development of educarional theory devived from
three theary models. Washington, DC: 1.5, Office of Education, Project No. 5-0634.

Mesa:f‘;':ﬁ, f-{.g.h&];l‘ak,uhaé;,}‘fh}lg?ﬂ General systems theory: Mathematical founda-
5. In k. Bellman (Ed.), Mathemarics in science and | } ]
il i b o ce and engineering, Vol. 113, New

Senge, P. {1990, The fifth discipline: The art and practic de i ) —
New York: Doubleday/Currency. practice of the learning organization.

Senge, P, Cambron-McCabe, N, Lucas, T., Smith, B. Dutton, J., & Klei
Schools thar learn, New Yark: Doubleday/Currency. Lk ner, A. (2000},

SIGGS Web site, (199%6a), SIGGS structiral properiies, Retrieved on Septemnber 15, 200
from hitp:/feww.indiana.edu/~tedfrick/siggs3.htm, P

- (1996b). SIGGS dvamic properties (temporal change). Retrieved on Se; ber
L3, 2005, from hetpy/fwww.indiana,edu/~tedfrick/siggsd. himl, o

Steiner, E. (1988}, Methodology of theory butlding. Sydney: Educology Research Asso-
ciates,

ﬂmpsup. KR (2006). “General System” defined for predictive technologies of A-GSBT
(Axiomatic-General Systems Behavioral Theory). Manuscript accepted for publica-
tion, Scientific Inguiry, 711, 1=11.

Wymore, A.W. (1967}, A mathemarical theary af systems engineering: The elements, New
York: Wiley.

Student Learning Outcomes in Technology-Enhanced
Constructivist Learning Environments: What Does
Research Show?

Priya Sharma, Ying Xie, Pei-Hsuan Hsich, Wen-Min Hsich, and Suhyun Yoo
The Pennsylvania State University

INTRODUCTION

Constructivism is generally viewed as a deseription of how individuals construet knowledge
and meaning. Despite consistent debate on the ontological and epistemological bases of
constructivism, as well as its nomenclature as a theory or a philosophy, constructivism has
been widely embraced in the educational community. In the past decade, an increasing
number of researchers and educators have attempted to integrate constructivist designs to
empower student leaming (Jonassen et al., 1999). These different leaming environments,
although all based on constrictivist premises, have different philosophical and theoretical
underpinnings and thus differ in their design and implementation.

Fhilosophically, constructivism can be broadly classified as individual or social con-
structivism by the context within which meaning making occurs, Individual constructivism
focuses on describing how knowledge is assimilated and accommodated within the individ-
ual, This camp includes Piaget's cognitive constructivism and Glasersfeld's (1995 radical
constructivism, where the emphasis is on identifying how individuals encounter new in-
formation and organize it within their existing knowledge schemes. The second camp of
constructivism deals with the role of social discourse and interaction in circumscribing
individual knowledge, specifically in terms of acknowledging cultural and social norms.
Vygotsky and Cole (1978), often cited us o social constructivist, emphasized the sgency
and mediation of community and culture in cognition and meaning making. Vygotsky and
Cole's propositions on the mediatory role of semiotics in learning and interaction empha-
size the notion of dialogue and discussion as a mechanism to create a shared understanding
of experience. The underlying notion in constructivism is that individuals are responsible
for their own learning, which can be supported by providing access to new information and
new perspectives that cause disequilibrium. Disequilibrium causes learners to consider the
vigbility of new information within their existing schema, which in turn can result in chang-
ing mental schema, Bereiter (1994) suggests that individual constructivism focuses on the
mental activities of the learner, while social constructivism focuses on cultural practices in
the leamer's environment,

Many educators and thinkers have theorized that the growth of the personal computer
and Internet technologies spurred an increased interest in constructivist learning environ-
ments (Perkins, 1991; Salomon et al., 1991). Computers and Internet technologies can have
fundamental impacts on the way we think abourt teaching and learning, especially if we
conceptualize the role of the teacher and learner differently. In some sense, these tech-
nologies have provided the ability to more easily implement teaching that is less based on
direct instruction or transfer of knowledge and more based on guiding social exploration in
information-rich enviranments (Salomon, 1991). There is an increasing amount of dialogue
that indicates that computer-mediated leaming environments can be easily used to support
constructivist learning (Jonassen et al., 1999, CGTY, 1993), For example, from a social
constructivist perspective, the computer can provide access 1o a multitude of information
and collaboration possibilities. Students can access information pertinent 1o their interests
in a variety of forms and media, thereby allowing for a number of virwal experiences as
well as opportunities (o examine multiple viewpoints (Rice & Wilson, 1999 and o allow



