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The Impact of the Systems Thinking Approach
on Teaching and Learning Activities

The Systaxs Thinking and Curriculum Innovation (STACI)
Project is a milti-year research effort intended to examine
thecogrutlvedemarﬂsardconseql.xexmoflearnmgfrana
systems thinking approach to instruction and from using
similation-modeling software. The purpnse of the study is “o
test the potentials and effects of integrating the systems
approach into science and history courses to teach content
knowledge as well as general problem solving skills. The
suﬂyalsoemmﬂneffecuverssofusugsmm,
smlatlm—mdelmg software program, as a tool by which to
examine scientific and historical phenamena. The research
focuses on the learning outcames and modeling performance
that result from introducing an instructional enviromment
that enables students to learn from and make concrete
miltiple representations of dynamic phenamena.

General Background Information

The intent of the Systems Thinking and Qurriculum Innovation
(STACTI) Project is to examine the teaching and learning activities
that result from introducing a systems thinking approach to
instruction in secondary school science and history. As defined
here, the systems thinking approach consists of three individual
but interdependent camponents. First, there is system dynamics,
thetheorymwhidlthe%rstnxctimalperspﬁctiveisbased. The
second camponent is STELIA (Structural Thinking Experimental
Learning Laboratory with Animation; Richmond, 1985; Richmond &
Vescuso, 1986), a software package that can be used as a tool to
teach systems thinking, content knowledge, and problem solving.
The third camponent is the Macintosh microcamputer on which the
STELIA software runs. The research focuses on the curriculum
development that integrates the systems approach into existing




courses and the learning outcames that result from using such an
approach and software in classroam settings.

The STACI Project, which began during the 1986-1937 academic
year, was a two-year research effort now concluding its final year.
The study was conducted at Brattleboro Union High Schiool (BUHS),
Brattleboro, Vermont in which four teachers used systems thinking
in their courses. Content areas included general physical science
(GPS), biology, chemistry, physics, and an experimental history
course entitled War and Revolution. The purpose of the project was
to examine the extent to which students acquired higher-order
cognitive skills through exposure to and interaction with curricula
infused with systems thinking and subsequently generalized
knowledge and skills to tasks in other substantive areas.
Camparisons were drawn between traditionally taught courses and
those that used the systems approach. The research enabled the
examination of skill and knowledge transfer across content areas as
students were exposed to courses that used the systems approach.

Three ancillary studies were conducted in conjunction with a
main classroom study and reported elsewhere. The first substudy
(Mandinach, 1988b) focused on a select group of students who
received extensive exposure to the systems approach in the War and
Revolution seminar. These stiudents were studied in an intensive
case study format. The objective of this study was to collect
indepth information about the students’ thought processes,
performance patterns, knowledge, and general problem solving
skills. The secord substudy (Cline, 1988) examined the
organizational impact of the introduction and implementation of
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systems thinking in the high school. The objective was to analyze
changes that occur in the structure and functioning of the school
as a result of the aurriculum innovation. The third substudy
(Mandinach, 1988a) was a clinical cases study and cognitive
analysis of students’ performance and acquisition of higher-order
thinking skills on a subsample of chemistry and physics students.

The purpose of this document is to report on the curriculum
development, teaching activities, and learning outcames that
resulted in two years fram the integration of the systems approach
into several high school science and history courses. We provide
descriptions of systems thinking, the site, the design, data
oollection, instrumentation, curricula (Appendix M), and cognitive
outcames from the main classroom study.

The Systems Thinking Approach

Systems thinking is a scientific analysis technique that

provides a means by which to understand the behavior of camplex

phenamena over time. In recent years appreciation has developed
particularly for the heuristic value of systems thinking. The

[+

creation and manipulation of models is increasingly recognized as
potentially powerful teaching technique. Based on the concept of
change, system dynamics uses similations and camputer-based
mathematical models to represent camplex relationships among
variables in the enviroment (Forrester, 1968). It is possible to
understand the rule-like behavior of systems by constructing models
of variables and their interactions, and examining the cause-and-
effect relationships among the variables. The notion of a system
4
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is based on: (a) variables that characterize a system and change
over time; (b) relationships among variables are interconnected by
cause-and-effect feedback loops; and (c) the status of one or more
variables subsequently affects the status of other variables.
Simlation models, simplified representations of systems aver
hypothetical time, amusedtoexamjnethestructureofsystems.
Using similations, characteristics of selected variables can be
altered and their effects on other variables and the entire system
assessed. To build a similation, it is necessary to understand the
major variables that camprise the system. These variables are used
to form dynamic feedback systems, expressed in simultaneous
equations. Over time, variables change and subsequently cause
other variables and their interactions to change. Thus, systems
focuses on the connections among the elements of the system and
provides a means to understand how the elements contribute to the
whole (Roberts, Andersen, Deal, Garet, & Shaffer, 1983).
STELIA and the Macintosh

The concepts that underlie the field of system dynamics form
the basis for much of the similation software that currently is
used in educational settings. Until recently, the instructional
use of systems thinking was constrained to enviromments that had
powerful mainframe camputers. The advent of a new software
product, STELIA, has made it possible to operationalize these
conoept;s on a microcamputer in a user-friendly enviromment (n.b.,
ricrodynamo has been available but language constraints make it
particularly cumbersame and difficult to use). STEL(A capitalizes
on the graphics and icon technology of the Macintosh microcoamputer
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(several windows—structural diagrams, equations, graph pads,
tables—are available to the le ymer), thereby enabling individuals
not versed in the intricacies of mathematical modeling to create
their own systems. By minimizing the mathematical and technical
skills needed to construct models, STELIA facilitates the creation
and manipulation of complex models of system phenomena.

STELIA facilitates student introductions to amalytic prablem
solving perspectives inherent in systems thinking through an
iterative process of simulation model construction. Model-building
requires learners to formulate, test, and revise hypotheses about
relations within the dynamic systems. Modeling, as conceptualized
in STELIA, isaﬂxree—steppmg&ss. First, learners use STELIA’s
"tool kit"tocreatediagransrepmsmtativeofthesystenstobe
modeled. These diagrams a:based on relational assumptions and
logic hypothesized by the users. As learners create structural
diagrams, STEIIA translates them into sets of equations that
represent the systems. Second, learmers then formally specify the
logic that connects the parts of the systems. STELIA’s graphics
capabilities facilitate this logical translation by providing
vismlnapsofthecmnecticrsamugﬂ)ecmponentsofﬂmesystats.
The simultaneous equations are based on the mathematical
assumptions and values learners supply to define the variables and
the relationships among them. Finally, STELIA dynamically runs the

systaxs:as simulations over hypothetical time, given the logical

assumptions provided by the learmers. Results of the simulation
stimilate revisions, thus creating an iterative sequence of




formulate-test-revise steps that lead to the development of dynamic
models of phenamena over time.
Site Description: Brattleboro Union High School

BUHS serves a rural five-town district in southeastern Vermont
whose population is approximately 20,000. The school has roughly
1,600 students and a faculty of 80 teachers. Since 1935, BUHS has
been the site of a mmber of systems thinking activities, all with
the purpose of introducing students, educators, and the public to
the principles that underlie the field (Mandinach & Thorpe, 1987).

Four teachers formed the systems group at BUHS. All were
trained to use the systems approach and integrated this perspective
into their courses. One course, entitled War and Revolution, was
heavilyinfusedwithsyste:stmmangarﬂmeuseofsmm.
Systems thinking formed the basis for this course. In contrast, an
integrative approach was used in the science courses. The approach
was integrative in that the teachers identified concepts within
their axricula that could be enhanced by the use of systems
principles. Rather than teach particular concepts as they had in
the past, the systems teachers explicitly emphasized the systemic
nature of the topics, noting such ideas as causality, feedback,
variation, and interaction. The courses covered the same body of
knowledge taught in the traditional awriculum, but specific
concepts were discussed from a systems perspective. These courses
will be described in greater detail in the curriculum section.
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Design and Data Collection

Design

In the 1986-1987 academic year, systems think g was
integrated into three GPS, four biology, and three chemistry
Classes (Table 1). An equivalent mmber of traditional (control)
courses were taught concurrently by other members of the faculty.
In the project’s second year, the systems approach was used in two
GPS, four biology, three chemistry, and three physics classes. The
traditional treatment contained one additional class per subject,
but no physics classes.
Data Oollection: Instrumentation

Several types of instruments were used to assesc ability,
content-specific knowledge, systems thinking, and higher-order
thinking skills in various stages of the research. These
instruments included pretest, in-class topic, and posttest
measures. General information about the instruments can be found
in Appendix A.

Pretests were used to assess subjects’ ability and crutent-
specific knowledge. BUHS supplied the students’ most recent
standardized achievement test scores. The California Achievement
Tests served as rough estimates of general ability. ETS also
administered a small battery of tests, including the Advanced
Progressive Matrices (Raven, 1958, 1962), to provide another index
of general ability. Other measures .lated to skills hypothesized
as important concepts underlying systems thinking were given.
These included inductive and deductive reasoning, figural
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analogies, and understanding relationships and were parallel forms
to the tests administered in the project’s first year.

Modified versions of previous final examinations were given
to both the systems and traditional classes. The GPS, biology,
chemistry, and physics teachers took last year’s tests, identified
critical, yet basic concepts, and gave the shortened versions to
their classes early in the academic year. These tests served as
baseline assessments of content knowledge in the subject areas.

Teachers gave content tests and exercises in their courses
during the year. Teachers attempted to make these activities
comparable for the systems and control classes in their subject
coverage. In GPS, the systems and traditional teacher collabo_rated
an a test of Speed and Motion. In biology, the systems teacher and
the second traditional teacher collaborated on transport and
immmnology tests. T : common chemistry test was on rates of
reaction. Each systems teacher also prepared an open-ended problem
that related to science content covered hv systems modules. These
problems were given to both systems and traditional classes.

The teachers also asked teachers to prepare and administer
camon final examinations to their classes so that wz would be able
i campare differences in content knowledge that resulted from
using the systems approach. Posttests were given by all the
systems teachers and the traditional GPS teacher. Unfortunately,
the traditional chemistry and biology teachers failed to collect
these critical data. However, from the end-of-year test given, we
were able to match in content coverage, enough biology items across
teachers fram which to make camparisons.

9




ETS developed a 68-item instrument that was used to assess
knowledge of systems thinking and STEIIA. The instrument contained
items of increasing difficulty that measured a broad spectrum of
skills along a contimmm ranging from elementary concepts to
camplex modeling skills. The 1987-1988 version of the Systems
Thinking Instrument (STI) was a revision of the test piloted last
year. It was based on input from the BUHS teachers and systems
wxperts and through rational task analyses. Measures of systems
thinking focused on concepts such as knows xige of graphing,
variation and variables, causation and causality, feedback, looping
constructs, modeling, and STELIA. This test was administered at
the end of the year to only the systems thinking classes.

Data Collection: Observations and Interviews

Classroom observations were conducted during a mmber of site
visits during the two-year project. Three project members cbserved
both systems and traditional-classes to cbtain information about
course content, structure, and classroom procedures. Systems
classes were observed when systems modules as weil as traditional
materials were presented. Observations were scheduled when similar
topics were covered to see how the systems and traditional teachers
differed in their approach to the highlighted concepts. For
example, we cbserved how the chemistry teacners presented the topic
cf reaction rates, noting differences in emphases, presentation,
and other areas due to the use of systems cononpts.

Interviews with systems and traditional teachers were
conducted to obtain additional informition about the classes. It
was critical to gather information from the systems teachers

10
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concerning the issues they confronted during the implementation of
the curriculum innovation. The interviews also provided an
cpportunity to probe teachers about their perceptions of the
systems thinking modules, implementation difficulties, and other
issues related to the effects of the curriculum innovation on their
teahing activities.

To examine variation in content emphasis, all science teachers
were asked to provide information on the amount of coverage of
different curriculum topics. The systems teachers also were asked
to indicate the time devoted to instruction in systems thinking and
to which topics the approach was applied.

Resuits

Discussions of the results will focus on four types of data.
First, ability test performance is reported. These data include
the California Achievement Test (CAT) and the Advanced Progressive
Matrices (Raven, 1958, 1962) which served as measures of general
ability. Other tests from the reference battery served as measures
ofskillshypotrmizedtoberelatedtosystaxsﬂmﬂdrg. Third,
performance on the STI is reported. A camplete description of the
rationale for and content of this test is discussed. Finally,
performance on content tests in GPS, biology, chemistry, and
physics is documented. A discussion of the relatianship of these
twtstoﬂxesystaxsthmkmgmrnmlaal.ompmnded

The various analyses reported here require examination of
different parts of the sample. Consequently, sample sizes differ
in accord with the measures used in the analyses. Two caveats
should be noted. First, because of concurrent enrollment in more
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than ane systems class, special treatment of the data was necessary
to account for overlapping courses. Thus, scores are sametimes
reported for the science courses without physics. Second, it
should be noted that students in the War ani Revolution seminar are
included in same of the Inalyses to provide a comparicon group
(particularly for the STI). However, they are not included in the
cantent test analyses, which focus only on the science classes. A
detailed description of performance in the seminar can be found
elsewhere (Mandinach, 1988b).
Ability and Achievement Measures

Two neasures of ability were used to guage students’ general
intel.ective functioning. First, students’ most recent
standardized achievement test scores were used to assess general
crystallized ability (Cattell, 1971). Crystallized ability refers
to previously constructed assemblies of performance processes
retrieved as a system andt-applied anew in familiar instructional
situations (3ncw, 1980, 1982). This construct reflects icrg-term
accumilation and organization of knowledge and skills. The
reading, language, and mathematics subscales and total test score
from the CAT were extracted frum studemnts’ school records. To
enhance interpretapility, national percentiles are reported nere.

Second, Parts I ard II of the Advanced Progressive Matrices
(APM) were used to assess general fluid ability. Fluid ability
refers to new assat;alies adapted to new and unfamiliar situations
and novel problems by reassembly of available performance processes
(Snow, 198G, 1982). For the 1987-1S88 administration of the
matrices, the six even items from Part I and the first nine even
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items from Part II were given to the students as part of the
cognitive reference battery. The reliability for the instrument,
usir;, the Spearman-Brown formila for unequal lengths, was
calculated at r = ,90.

On average, students in science (M = 12.11, S.D. = 2.88) and
physics (M = 13.06, S.D. = 2.22) courses performed well on the APM
(Table 2 and Appendix B). Students seemingly perrormed better in
the more advanced courses with War and Revolution students scoring
the highsst (M = 14.70) and those in GPS the lowest (M = 9.92).
Binlogy (M = 12.12) and chemistry (M = 12.66) students scored
between the extremes. Furthermore, students in the traditional (M
= 12.15) and systems (M = 12.08) classes performed camparably.

Data from the CAT were available for most of the BUHS
students. BUHS science students averaged in the 73.31 percentile
in reading, 68.68 in language, 73.75 in mathematics, and 72.66 on
the total test. 2Appendix C presents the results of the achievement
tests for the systems thinkina and traditional classes in biology,
chemistry, physics, and War and Revolution. GFIS student< scored
lowest on the CAT. The data also indicated that tne students in
War and Revolution were outliers, campared to others in the sample
as well as nationally.

Statistical -analyses were performed to determine if there were
pre-existing differences in achievement test scores between the
traditional and systets classes within subjects. Differences were
found between treatments for GPS on the CAT scales. The
traditional classes were ‘wore able than the systems classes
(reading F(1, 57) = 2.68, ns; language, F(1, 57) = 8.51, p < .01;
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mathematics, F(1, 57) = 9.22, p < .01; and total test F(1, 57) =
8.15, p < .0l1). A difference on the math subscale was noted in the
biology classes, F(2, 147) = 4.28, p < .05. This difference
occurred as the systems classes performed better than those taught
by traditional teacher 1 (T(92.8) = 2.86, p < .05). No differences
were found between systems and traditional chemistry classes.
Reference Battery

Four other tests were administered with the APM in a reference

battery. The intent wes to assess students’ performance on skills
related to systems thinking. The four tests were the Figural
Analogies (FA), Diagramming Relationships (IR) and Letter Sets
(IS) (Ekstrom, French, and Harman, 1976), and Deductive Reasoning
(CRT') . All but the IRT were parallel forms of the versions
administered in the previous academic year. Results between the
YearlardYeathsfs;\repmsentedinTable 3. Tositive
correlations were found between the two administrations. The
magnitude of these relationships were modest, but significant.

Figural Analogies. FA (Apvendix D) consisted of 10 items
presented in a four-alternative, miltiple-choice format. A figural
analogy item consisted of a typical analogy item (A:B::C:D), but
used geametric figures, such as triangles, squares, circles, etc.,
rather than words:. Mean performance on the items ranged from .20
to .94, with a split-half reliability of r = .54. One item
appeared to present partlcular difficulty (see Apperdix E).

Performance differences were noted on the FA. The systems (M
= 7.06) and traditional (M = 7.19) groups performed camparably.

14




Students in physics (M = 7.42) scored the highest, followed by

chemistry (M = 7.41), biology (M = 7.08), then GPS ™ = 5.70).
Ciagramming Relationships. IR (Appendix F) consisted of 15

items presented in a five-altermative, miltiple-choice format. The
purpose (.f the test was to see if students were able to discern and
diagram relationships among groups of things. For example, a
sample prcblem asks students to determine the relationships among
birds, pets, and trees. The correct response would indicate that
trees are neither pets nor birds, but same birds are pets. Thus,
<her~ should be an intersection between pets and birds, but not cne
between trees and pets or birds.

Performance on the items ranged from .34 to .93, with a mean
score of 9.97. There were 10 items on which the p values were
under .70 (Appendix G). The task was difficult and unlike any the
students had encountered previcusly. The split-half reliability
(Spearman-Brown for unequal parts) was r = .82.

A similar pattern of performance differences was noted on the
IR. The systemw: (M = 9.89) and traditional (M = 9.90) groups
performed cur>2-ai..y. Students in physics (M = 11.60) scored the
highest, folicw: ry <P-mistry (M = 9.88), biology (M = 9.85), then
GPS (M = 7.72}.

Letter Seis. IS (Appendix H) also consisted of 15 items
presented in a five-alternative, miltiple-choice format. Each item
cantained five sets of of lett_ersingmpsoffwr. A camon rule
linked four of the five letter sets. IS required identification of
a rule that made four sets of letters similar in some way, and one

set different fram the others. For example, NOPQ DEFL ABCD HIJK




UWX, is one of the sample items. The rule here is four letters in
alphabetical sequence. The secand set violates that rule, and thus
is the correct respanse.

Performance on the items ranged fraom .08 to .92, with an
average total score of 10.21. Performance on this task was more
consistent. However, the p values indicate that stadents may have
had difficulty finishing the task within the time constraints.
Performance on Items 28, 29, and 30 reflect this possibility (see
Apperdix I). The split-half reliability (Spearman-Brown for
unequal parts) was r = .86.

Again, a similar pattern of performace differences was noted
on the IS. The systems (M = 10.21) and traditional (M = 10.22)
groups performed camparably. Students in phys’ (M = 10.77) and
chemistry (M = 10.68) scored the highest, followed by biology (M =
9.94) and GPS (M = 8.67). ]

Deductive Reasoning Test. The final test, DRT (Appendix J),
required students to deduce the relationships among information
given in a verbal problem. The maximm score was 15. Students
averaged 6.96 points. The systems (M = 7.42) students performed
better than those in the traditional (M = 6.39) classes. Chemistry
(M =8.77) and physics (M = 8.56) students scored the highest,
followed by biology (M = 5.54) and GPS (M = 3.64). The systems
chemistry classes (M = 10.45) performed well above all other
Classes. )

Relationship Among the Ability and Reference Battery Measures

Tabkle 4 presents the intercorrelations among the CAT, APM, and
the reference battery measures. The correlations among the
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reference battery measures were found to be moderate, but

significant. Similar correlations were found between the reference
battery and the achievement test scores. CAT total score and APY,
the two primary indices of general ability, showed a moderate
correlation of r(341) = .46. Intercorrelations between the
subscales of the CAT were extremely strong.
Systems Thinking Instrument (STT)

This section focuses on the primary instrument by which

knowledge acquisition in systems thinking was assessed. The
rationale for and cont:nt of the instrument will be described
first. Results then will be presented, with camparisons made with
the first administration.

Test characteristics. The STI (Appendix K) consisted of 68
itansﬁxatwereintaxiedtoass&ssararqeofskillstrnxghtto
underlie systems thinking. A rational task analysis, ‘n
conjunction with revisions from last year—(see Mandinach & Thorpe,
1988), yielded eight skills which then were made into subscales of
varying lengths. Table 5 presents the alpha reliabilities for
those scales. The 68 items on the total test yielded an alpha of
.95, indicating that the test was extremely consistent across items
and subscales.

Knowledge of basic graphing concepts (e.g., labeling and
scaling axes, coordinates) comprised the first subscale. The five
graphing items yielded and alpha of .45. This was the least
internally consistent scale. Two other scales focused on graphing
skills. A first required interpretation of graphs. Students were
asked to interpret a graph and provide a verbal description. The

17
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seven items on this scale yielded a reliability of .60. The second
subscale required translation. That is, students were asked to
take a verbal description of a problem and translate it into a
graphical representation. There were six such items (o(= .62).

One other scale focused on mathematical skills that relate to
systems. This scale focused on students’ understanding of
functions. Students were asked to write functions, find slopes,
and graph functions. The three items yielded an alpha of .84.

Two scales were designed to assess knowledge of concepts
critical in systems thinking. The first focused on causality (« =
.94). Here students were asked to camplete a causal relationship
and a causal diagram. Defining causality leads directly into the
concept of looping. Four items («{= .82) required that students
either interpret or construct a causal loop diagram.

The final two scales measured skills and knowledge unique to
systems, STELIA, and modeling. The first scale consisted of simple
identification items. One set of identifications required students
to determine if a variable was a stock (level) or a flow (rate),
then define its unit of measure. A second set of items asked
students to identify parts of a structural diagram (e.g., stock,
comnector, flow, converter). The 33 items yielded an alpha of .95.
The final scale focused on the construction and interpretation of
systems models of varying camplexity. There were seven items in
the scale which yielded an alpha of 79 At one end of the
contimnm, students were asked to take a simple model and identify
how certain variables affect other variables. At the other end of




the contimnm, students were asked to take a verbal description of

a problem, construct a model, and then interpret that model.

There was a rationale for constructing such a diverse test.
Fizst,wewantedtoexaminelmtheitarsperfomedandhowthey
related to what the students had encountered in class. We nee...?
to construct an instrument that would be both reliable and valid
withrespecttothairclassmanacperiemswithsystmsthin)cim.
Performance an such an test would inform ETS and the BUHS teachers
in terms of students’ learning outcomes and cognitive processing.

Secand, and perhaps most importantly, we wanted the STT to be
reflective of and sensitive to differences in the systems curricula
across the subject areas. As documented in a previous report
(Mandinach & Thorpe, 1987), each of the teachers introduced systems
concepts to their classes differently. That is, they focused on
particular concepts of varying difficulty and integrated them into
their courses with different degrees of intensity. Thus, the
instrument should yield ranges of performance within the courses
around concepts that were either stressed or briefly described.
’meSrIwasoastmctedtoptwideinfomatimabwtumerams
that would be reflective of the curricular differences.

Interrelationships among the subscales. Table 6 presents the
correlations among the STI’s scales. All correlations were found
to be siguificant at the p < .01 level. The graphing scale showed
moderate correlations with all other séls, whereas interpretation
and translation of graphs wers most strongly related to other
scales. In particular, interpretation and loops (r(212) = .48),
translation and identifications (r(212) = .50), and loops and
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identifications (r(212) = .46) were most highly related.

Understanding the basic concepts of systems thinking (the Systems
Identification scale) was strongly related to performance on the

systems thinking scale (r(212) = .74).
Test performance. Item-level performance data are presented

inAppetﬂixL,whidxisisbrokendownbysnbjectamainorderto
examine the progression of skills and knowledge across courses.
Table 7 presents the descriptive statistics for the subscales.
These data are further broken down by course in Tables 8 and 9.
Wmeasdatain'hbls?arﬂ9ampr$mtedasmscorm,perw1t
conectisreportedin'rableatoserveasacmparismbetweenthe
test’s two administrations. Data discussed in the text also are
reportedinte.msofperoentconecttoaidinterpmtability.

On all three of the graphing subscales (Graphing, Grrphing
Interpretation, and Graphing 'rzanslatim)- performance increased in
the more advanced courses. Students in GPS scored the lowest,
followed by biology and chemistry. The physics and War and
Revolution students performed comparably. Interesting to note are
the differences between Years 1 and 2. Whereas extremely high
scores were found in Year 1, performance in Year 2 was
substantially lower (Mandinach, 1988b). Chemistry performance was
consistent across the administrations, whereas substantial
improvements were noted for the GPS and biology classes.

Indepth analyses indicated partlcular problem areas
experienced by the students. Consistent with last year, the GPS
students did not understand the (x, y) convention of defining
points within a coordinate system. This deficit led to poor
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performance cn items that required graphing points and defining
axes. It also led to confusions when they were asked to translate
or interpret graphical problems.

GPS students continued to show no understanding of functions.
They were unable to graph functions, determine slopes, or write a
function when given a graphical representation. The GPS students
ad11e§edmly4percentconectmthissubscale, in contrast to 26
percent for biology, 42 percent for chemistry, 64 percent for
physics, and 82 percent for War and Revolution. Functions were a
difficult concept to understand and apply in graphic form.

Interesting performance patterns emerged on the two scales
related to variation and causality (Causality and Ioops). For both
scales, ﬁleWaraxﬂRevolutimstlxientsadxievedthehigtmt
scores, followed by those in biology, physics, chemistry, then GPS.
The fact that the biology students scored higher than the other
science classes on these scales is reflective of the instructional
emphases stressed by the biology teacher. The items in the
Causality scale required students to caplete a causal statement
(e.g., Amount of studying causes _____.), then make the causal
loop. Last year, GPS students campleted the statements, but had
particular problems with the simple causal loops, cbtaining anly 31
percent correct. This isinca'ttxasttosapementforbiology, 65
percent for chemistry, and 98 percent for War and Revolution.
Performance in the second year was substantlallybetter, with GPs
achieving 72 percent correct, 92 percent for biology, 86 for
chemistry, 91 for physics, and 100 for War and Revolution.
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Campletion of more camplex causal loops were required in the
Loops scale. Performance was lower but analogous to the Causality
scale (Mgps = .39; MBiology = -73; Mchemistry = -60; Mphysics =
.67; and Mygr = .74). The GPS students experienced particular
difficulty in translating a simple verbal description into a loop
diagram. The GPS teacher admittedly devoted a limited amount of
time to loops. Thus, we interpret these results to reflect the
small amount of exposure the GPS students were given to loops. It
is noteworthy that on this more camplex task, bioslogy students
(sophamores) did as well as War and Revolution students (seniors of
exceptional ability).

On the more elementary scale that tested basic knowledge of
systems thinking and STELIA, the Systems Identifications @e,
there were several notable trends. First, the War and Revolution
class (M - .81) achieved the highest score, yet at a substantial
decrement from last year. These students were not able to identify
inflows, outflows, or stocks, the basic elements of a systems
model. In contrast, such identifications were routine for Year 1
seminar students. These differences reflect the teacher’s
implementation of systems in the two years (Mandinach, 1988b) .

GPFS students (M = .28) also exhibited weaker performance in
Year 2 (M = .42). In contrast to the War and Revolution seminar,
GPS students identified parts of a model, but had trouble with
units of measure. Performance was equivalent for bioiogy and
chemistry (M = .63) and slightly higher for physics (M = .72).

Both chemistry and biology performance improved from Year 1 to 2.
Results indicated that the biology, chemistry, and physics students
22
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performed better on the structural modeling identifications and
were less adept at the units of measure and variable items.
Asimilarpexformamepatbe.mwasfa.nﬁfortheSystens
Thimdngscale,wherethefowswasmmdelinte:pmtationard
modeling. Giventhatt'heGPSStudent'shadlittleexPosuretoth%e
camplex concepts, they achieved only 26 percent correct. They at
leastmdesmeattalpttointerpmtﬁmemdelsgiventotlm,but
had slightlymredifficmﬂtyccrsmlctirqﬂ:eirwnmdels. The
biology (M = .43), chemistry (M = .42), and physics (M = .46)
classes again performed similarly, whereas the War and Revolution
seminar performed only slightly better (M = .55). Improved
perfomamewasmtedinGPs,biology,anddnemistxy. However, a
substantial decrement was cbserved in War and Revolution. In Year
1, seminar students achieved 86 percent correct, indicating their
ability to construct complex structural models. Year 2‘s seminar
students, despite the extensive exposure to systems thinking,were
unable to evidence modaling skills. Again, this is reflective o
changes in the course (Mandinach, 1988b).
'meoontrastbemeenYearlarﬂYeaererfomameisstrﬁdng
(Mandinach & Thorpe, 1988). Iast year, every item on the subscale
a&ibitedﬂxesamperfommetrerﬂacmsscam(ApperﬂixG).
Waramnevolutimeitheradﬂevedorapproadxedaperfect score.
These scores were well above the science classes. GPS students
achieved the lowest scores, whereas the biology and d\emst.ry
performed similarly. Year 2 performance was substantially
different. GPS again scored the lowest on all items. However, War
and Revolution performed poosly in camparison with the first class,
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and only slightly better than Year 2’s science classes. More

distressing is the relative performance on Item 288, the camplex

modeling problem. Not only did the physics students score better
than those in the seminar, but chemistry students performed
extremely poorly. It is clear that whereas the physics and biology

teadnrsgaveattentimtomodelingoorcepts, such emphasis was
1ac)d.rginWararﬂRevolutimarﬂdﬁnistxy.
Content Tests

A rumber of content tests were administered in the science

classestoexamineﬁxeinpactofsystalst]ﬁmm-gaswellasto
assess typical instruction.

GPS. 1In GPS, both the traditional and systems teachers

collaborated to give 40-item pre- and posttests of knowledge of
physical science. They also prepared a 30-item test on speed and
motion (S&M), the topic of the primary systems module. Pre- and
posttest performance were moderately correlated (r(34) = .34, p<
-05) . The pretest showed slightly higher correlations with S&M
(r(33) = .38, p < .01) and STT (r(31) = .36, p < .05). In

cmtrast,theposttwtwashighlyrelatedtoperfomancemboth

S&M (x(33) = .62, p < .001) and the STT (r(32) = .72, p < .00l).

Smdentswhoweresx:cssfulmthes&utstalsoperfomedweuon

the STT (r(32) = .72, p < .001).

Traditional students (M = 16.72) performed better than those

in the systems classes (M = 14.00) on the pretest (2(1,46)‘= 8.44,

. B <.0l). No differences were found cn the posttest or SuM.
However, gain score fmpm—toposttsﬁirgappmadmed
significano: (F(1,46) = 3.27, p = .07), indicating that the systems
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Classes (M = 6.56) made substantial progress in comparison to the
traditional students (M = 4.24).

Further analysis of performance indicated that systems and
traditional students differed in their answer and error patterns on
the S&M test. The traditional students excelled in their precise
use of terminology. They were able to identify and define patterns
of speed and motion on simple graphs. Although these students were
able to recognize concepts in simple formats, they were unable to
idmtifytmsesamecmoeptsinmcamlexpmblexs. In
contrast, the systems students wert .dert at decamposing parts ‘o
understand entire problems. The systems students did not
concentrate on terminology. Instead, they provided descriptions of
behavior over time, rather than labels for concepts.

Biology. In biology, 44~item pre- and posttests were given to
assess knowledge of biological concepts. 'The pretest was given by
all three teachers. The systems teacher administered the entire
posttest, whereas parts of the final measure were given by the two
traditional teachers. Trus, the samples differ, based on the
content of test administration. The systems teacher collaborated
with the second traditional teacher on an 11-item test to assess
transport and a 31-item test to measure immmnclogy. Fourteen
selected icems from the immmnology test that relate to causality
were separated for further examination.

Scores on the biolcgy pretest were only moderately rélated to
posttest perfc.mance (r(72) = .23, p < .05), indicating that those
who performed well at the end of the course were not necessarily
the same students who had done well earlier. The pretest was not
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related to performance on the immunology (r(63) = .11), selected

immmology items (r(63) = .09), or transport (r(43) = .14) tests.
In contrast, performance on the posttest was related to performance
on the immmnology (r(63) = .51, p < .001), selected immmnology
items (r(63) = .40, p < .001), and transport (r(48) = .52, p <
-001) tests. Students who performed well on the transport test
also did well on the immnology test (r(45) = .58, p < .001) and
selected immmnology iteme (x(45) = .58, p < .001).

Examination of the three biology teachers’ classes’ posttest
performance indicated that the systems classes (M = 4.96) scored
between the two traditiocnal teachers’ clas<es (Mp = 3.60; Mp =
6.53) (F(2,155) = 32.74, p < .001). Overall when tie two
traditional teachers’ results were combi- 2d, no differences were
fomnd between performance by the systems (M = 4.96) and traditional
classes (M = 4.76) (F(1,156) = .37, ns). )

ihe systems and second traditional teacher gave tests of —
knewledge of immnology (F(1,92) = 12.47, p < .001) and selected
immrology items (F(1,92) = 6.69, p < .05) aon which the traditional
classes performed better than the systems students. There were no

differences between systems and traditional classes’ performance on
the transport test.

Chemistry. Systems chemistry classes received 20-item pre-
and posttests, whereas the traditional classes were not given the
posttest. Both classes were administered 12-item pre- and posttest
on reaction rates, the topic of the primary systems module.
Additional items were administered by the systems teacher to assess




further the impact of the systems approach on acquisition of
knowledge of reaction rates.
Performance on the chemistry pretest was moderately related to

posttest scores (r(53) = .28, p < .05), but not related to scores
on the reaction rates pre- or posttests. Similarly, students who
scoredhighermthereactimratespretstdidmtmossarily
score better on the posttest (r(s3) = .25, P < .05). Chemistry
posttest scores, however, were related to both reaction rates
pretest (r(51) = .62, p < .001) and posttest (r(s7) = .43, p <
.001). "hat is, students who did better on the reaction rates
tests also did better on the entire chemistry posttest.

Analyses attempted to examine the impact of course-taking
Sequence on performance on the reaction rates tests. Four groups
of students were formed (systems chemistry, 1987-8/systems biology,
1986-7; systems chemistry, 1987-8/traditional biology, 1986-7;
traditional chemistry, 1987-8/systems biology, 1986-7; and -
traditional chemistry, 1987-8/traditional biology, 1986~7).
Differences on the pretest were not significant (Table 10).
However, an ANOVA camparing chemistry treatments indicated that
systems students performed better on the posttest than did those in
the traditional classes (F(1,139) = 6.30, p < .01). Systems
students also gained more points, pre—to posttesting, than did the
traditional students (F(1,139) = 6.21, p < .01). Contrast analyses
hﬂicatedﬂntﬂmeweremdiffemmﬁxeposttstbetweén
systems chemistry students who had taken svstems or traditional
biology (T(102) = -.64), nor were there differences between
students who had taken systems biology students last year and were
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in either traditional or systems chemistry (T(102) = 1.62) this
year. However, students in the systems chemistry-traditional
biology group performed significantly better than those in the
traditional chemistry-systems biology group on the posttest (T(102)
= 2.30, p < .01). These results may be due to the targeted nature
of the cxrrriculum modules to specific topics within chemistry and
biology. Gain from pretest to posttest for thes. Jrups was not
significant. Gain score for the systems-systems group was
significantly better than for the traditional chemistry-systems
biology students (T(95) = 2.33, p < .05).
Physics. The primary measures of content for physics were 39-
itanpre-.arﬂposttestsu Students answered 12.34 of the 39 items
¢ rrect on the pretest and 20.36 on che posttest, with pretest
performance correlated with scores on the posttest (r(56) = .42, p ~
< .001). No differences were found between students whc had taken
systaxsand&aditionaldmistrylastyearmeithertmmysics —
pre- or posttests. Both groups of students gained about 7.75
points from pre- to posttesting.
Relationships Among Ability, Achievement, Content, and
Systems Thinking Tests

Analysasmmoorﬂuctedtoexamineﬁxerelatiaslﬁpsamng

T~

ability, content, and systems test performance. First, .the
relationship between ability, as measured by the CAT, and the STI
was explored. Table 11 presents the correlations between CAT and
STI subscales for students in the systems classes. Performance on

the mathematics scale was most strongly related to all but one STT
scale. Not only was math achievement strongly related to graphing




interpretation, translation, and mathematics, but also to loops,
identifications, and systems thinking. Reading and language skills
also were related positively to the STI scales. The graphing and
causality scales were least related to CAT performance. Overall,
more able students performed better on the STI. These data
indicate a shift from last year’s results where achievement on the
CAT verbal scales was more praminent.

Secord, analyses then were conducted to explore influences on
cuntent test performance in the sciences. No differences were
faund between GPS classes on the content posttest despite
differences in ability. In comparing performance on the S&M test,
controlling for ability and pretest performance, systems students
performed better than traditional students. These results indicate
that there were no overall content performance differences between

-the systems and traditional classes. However, on the topical
material that was taught with the systems approach, students in the
treatment condition performed better than those in the control
classes.

To explore further differences in posttest performance, an
ANCOVA was performed, using CAT total as a covariate. Results
indicated that despite ability differences, posttest performance

differed among the classes. Performance on the biology pretest was

not a significant factor. Differences between the systems teacher
and the first traditional teacher were not significant. However,
the: second traditional teacher’s classes performed better than the
systems classes on the biology posttest (F(1,101) = 45.04, p <

.001). The ANOOVA indicated that despite ability differences, the
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secord traditional teacher’s classes performed better than the

systems students.

Examination of the immnology test and selected immnology
items indicated that when controlling for ability, the traditional
students still performed better than the systems classes. No
differences were found on the transport test when controlling for
pretest and ability.

In chemistry, the systems classes performed better than the
traditional students on the reaction rates posttest (F(1,147) =
9.13, p < .01). Despite ability and pretest differences, the
treatment effect was sustained in the ANCOVA (F(1,123) = 9.19, p <
.01). When the ANOOVA was repeated, replacing the reaction rates
pretest with the chemistry pretest, the latter was found to not be
a significant covariate.

A second set of analyses attempted to determine if course-
taking sequence influenced performance on the reaction rates
posttest. Students who had systems biology and chemistry averaged
8.43 points; systems biology-traditional chemistry 8.90 points;
systems biology-traditional chemistry 7.25 points; and traditional
biology and chemistry 7.74 points. These differences were not
significant. However, both CAT score (F(1,85) = 21.18, p < .001)
and the reaction rates pretest (F(1,86) = 4.55, p < .01) were
significant covariates, with course sequence not significant.

Because there was no control class ix;physics, camparisons
were made between students who had systems and traditional

chemistry during the previous academic year. No differences in




performance on ‘the physics posttest were found nor were CAT scores
or the physics pretest significant covariates.

A final set of analyses, partial correlations of ability and
achievementtastscommthecontenttests, were performed.
BoththeAPMammTtotaltestscoremusedasseparate
partials (see Tables 12-14). Controlling for APM in the GBS
classes did not substantially alter the correlations. Only when
CAT score was partialled out was the relationship between
performance on the STI and GPS posttest diminished (Table 12).
Partialling out APM made little difference on the biology test
(Table 13), whereas substantial effects were noted when CAT score
was controlled. Partialling out CAT dropped most correlations
substantially, particularly those that involved the STI. ‘This
result is not surprising given the high correlation between STT and
CAT (r(4l1) = .58, p < .001). The correlation between STT and CAT
score also was high faor the chemistry classes (r(39) = .55, p <
-001), yet controlling for CAT performance caused only two
correlations (chemistry posttest-STI and chemistry posttest-
reaction rates posttest) to drop substantially (Table 14). Again,
controlling for APM did not alter the correlations.

Conclusions and Educational Implications

Results indicated that the BUHS teachers made substantial
pregress developing and implementing the systems thinking approach
in their classes. Differences in approach anr.l instructicnal
strategies *7ere noted from Year 1 to Year 2 (Mandinach & Thorpe,
1987). 1In general, changes that occurred in the science couses




had positive outcames. Differences in the War and Revolution

seminar had detrimental effects on learning outcomes.

The results indicated that as the approach was integrated more
effectively in Year 2, performance on systems thinking activities
improved qualitatively (as reported by the teachers). The
improvement was reflective of the more extensive and intensive
integration of systems into the science courses. Basic graphing
skills and understanding functions continued to be problematic,
particularly for GPS students. However, students began to
understand loops, causality, and the basics of systems thinking.
Althoush knowledge of systems thinking concepts improved, students
had difficulty modeling. Particularly distressing was the decrease
inmodelingperformmeshcwnbytheWararﬂRevolutimsttﬂents.
On the positive side, the GPS and bicloyy students improved
substantially from Year 1. Chemistry performante was comparable
across the two years. —_

Results from the content tests were mixed. In GPS, although
the traditional classes performed better initially and were more
able, there were no differencss between groups by posttesting.
There were, however, qualitative differences in the way systems and
traditional students approached problems. Traditional students
concentrated more on terminology, whereas systems students examined
the campavents of behavior over time. 1In biology, differences
among the teachers contributed to performance an the posttest, with
the systems teacher’s stidents scoring better than one traditional
teacher’s classes but worse than the second teacher’s students.
Overall, there was no posttest performance difference between the
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systems and traditional classes. There also were no differences on

ﬂnS&Mtast,theneasunanustcloselyrelatedtoﬁaesysters
modules. However, the second traditional teacher’s classes
outperformed the systems students on the immnology test and
selected immunology items.

In contrast, the systems chemistry students performed better
than those in the traditional class:s. Furthermore, performance
was dependent on whether students took systems chemistry rather
than their biology treatment condition. There were no camparison
groups in physics. However, students expressed that systems was a
tool they could apply to solve problems in their classes
(Mandinach, 1988a).

Data from the STACI Projoct’s two years of research are
samewhat mixed in their ability to provide conclusive results about
the impact of the systems thinking approach on ledrning. Several
explanations for this situation can be rendered: (a) the length of
time required to develop a curriculum innovation such as the
systems thinking approach and find appropriate applications for it;
(b) the need to integrate the innovation into existing instruction
so that students are able to make explicit ties between the
innovation and traditional methods; and (c) the need for
coordinated data collection that will speak directly to the
research questions. The results do, however, provide valuable
insights into how such a curriculum innovation takes roots,
develops, and becames a fully integrated instructional strategy.

Quriculum development made substantial progress over the
project’s two years. However, there is much more work that mist be
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done to attain the desired course sequence. The teachers undertoock
a massive and labor-intensive project. Qurriculum development is

devote blocks of uninterrupted time to work. It is impossible to
learn a new body of knowledge and plan instructional materials in
thezoto40mimrteblodcsoffreetimegiventoteadzersduring

the school day. Thus it is understandable that development of the
systems thinking approach has emerged slowly. The teachers worked
extremely hard to identify appropriate topics to which the approach
could be applied. They plamned and implemented those modules in

their classes. Achievement then was measured.

The research paradigm may be appropriate for many studies but
does not apply in the present case. Systems thinking is an
analytic technique or problem solving tool, not a content area
whose acquisition can be assessed by a simple pretest/posttest
design. Rather, the systems approach, as an analytic toel- is
expected to influence cognitive processes or the methods by which
learners approach tasks. This is not to say that systems thinking
will not affect the acquisition of content knowledge. The approach
indirectly should influence that acquisition through the
« 2velopment of effective higher-order cognitive processes. Because
these processes often take substantial time to emerge, it is likely
that the duration of STACI provided an insufficient test of the
approach’s potentials. Atnxetastofani.movatia;'s impact must

be longitudinal and make provisions for appropriate time and
resources to support teachers’ curriculum development efforts.




A corresponding issue is how the approach is integrated into
courses, particularly sequences of courses such as in science.
Students need to a sense of feel continuity and connection within
and across courses. When systems thinking first was implemented,
students perceived the approach to be canpletely independent of the
science content. There was systems thinking and there was science.
Systems thinking was not seen as a tool to be applied to the
cantent to help students solve problems. To same degree, the lack
of conrection escelated during the second year when systems
concepts were reintroduced rather than reinforced. The lesson to
be learned from the BUHS experience is that explicit commections
betweentheoansecontentardsystas&irﬂdngasanamlytictool
must be built into the instruction. Furthermore, planned linkages
between courses within a departmental sequence need to be developed
to insure sufficient carry-over without redundancy. Studerits
should be told explicitly about the generic use of models to solve
problems and how models will be used in instruction. Furthermore,
the nature of the systems activities and expectations for leaming
a new problem solving tool should be made explicit.

Fram the research perspective, it is imperative to cbtain
Gmpambledatafmccntrolarﬂexperinentalclassesmtargeted
t@icstau;htwithﬂxeimtimtoassessitsinpagt. STACT lost
crucial data in Year 2 that would have provided insights into the
innovation’s impact. However, as Cronbach (1963) noted, the power

of course evaluation is not found in formal camparisons of control

ard treatment gr.  .° test data where real differences get lost
amid a plethora of results. Rather, "it ic clearly important to
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appraise the student’s general educational growth, which curriculum
developers say is more important than mastery of the specific
lessons presented" (p. 674). Cronbach recammends small, well
controlled studies that enable researchers to examine alternate
versions of the same course to study and can produce results with
explanatory value. The three STACI Project substudies (Cline,
1988; Mandinach, 1988a, 1988b) attempt to address this need.
Ancther issue that emerged was the role of the teacher. The
implementation of the systems thinking approach, particularly
because of its theoretical and technological foundations, requires
knowledge on the part of the teachers. Gaining a working knowledge
of system dynamics, the STELIA software, and Macintosh is
substantially different from acquiring information about another
topic within content areas of expertise. Teachers need to feel
camfortable with their knowledge of the approach so that they_can
impart that knowledge to their students. This is not to say that
teachers must be exper:s, but rather have working experience with
the approach. The STACI Project cbserved same reticence in the
BURS teachers. The reluctance occurred because teachers were not
campletely confident in their knowledge of the approach. The
implementation of the approach reflected this lack of conficesie.
Teacher training is a partial answer to the problem. Although
allnmsteadxersmceivedin-setvicetminirginsyste;tsﬂximm
and one took a sabbatical to take a university-level systems -
course, there still were questions of knowledge, confidence, and
control. Teachers were experienced but not expert. Yet they were




mluctanttoriskc]assroancmtmlbyshiftingresponsibility for
learning to both students and the teacher.

The systems thinking approach can change the nature of the
classroan. The teacher no longer is the sole expert in the
classroam, with control of content, knowledge, and iistructional
procedures. Instead, learning becomes more interactive with shared
responsibility among teacher and students. This means that
teachers must take risks and alter instructional strategies to
facilitate rather than simply impart learning. Not all teachers
are capable of or willing to accept this evolving role.

Implementation also requires a willingness to experiment with
traditional approaches. While all teachers expressed a willingness
to experiment and devoted a substantial amount of time to
wrricnlmdevelopnent,therewasvariatimmmgthetead:ezsin
how systems instruction was implemented. Emphasis was placed on
having students think about the nature of problems by viewing
interrelationships among factors. They were asked to generate
explanations rather than merely identify, define, or compute
solutions. Differences were evident among teachers in the use of
STELIA, the type and camplexity of prublems presented, and the
manner in which assistance was provided. The variation appeared to
be attributable to a knowledge of systems theory, comfort with
experimentation, and instructional style. Intwocas;ssystens
irstmctimwasinplenentedasadistimtd:angeinthe <
organization and function of the classroom. Students spent

_casiderable time developing and experimenting online with models.

Thseexperiencsmmstmcmredwmgagesttﬂatsactivelyin
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the tasks while the teacher served as a facilitator. In another
case, systems was applied more traditionally. The teacher
presented systems concepts largely through class instruction in
which he sought to shift students’ thinking through directed
questioning. A fourth teacher was severely impeded in his ability
to implement systems instruction due to lack o< familiarity with
STELIA and the Macintosh.

In general, though, there were significant developments at
BUHS as a result of the curriculum innovation. There is no doubt
that the infusion of the systems thinking approach into the science
ardtheWararxiRevolutimsaninardlan;edmanyoftheteachers’
instructional strategies and procedures by which to present
traditional concepts. Given the angoing nature of the curriculum
development effort, it is likely that changes will continue to
occur as teachers revise and implement their curriculum modules.

The results, however, do indicate that the use of the

technology of the Macintosh camputer and the STELIA software make
accessible to students and teachers the modeling capabilities
hemtofomfandmlympowerfulminfmmcmp.rters. Such
modeling broadens the range of cognitive representations and
instructional strategies that students and teachers can bring to
bear in solving problems. The systems thinking approach,
particularly with the Macintosh’s graphics ard mouse te::hmlogy and
the STELIA envirorment, allows students and teachers to develop and
implement dynamic models of systems by using a variety of abstract
representations to explore and make concrete many phenamena. It is
our hope that the integration of this learning enviromment into
38




anricula has the potential to produce students who have a greater
capacity to understand the interrelated and camplex nature of many
phenomena that one encounters in daily life.
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Table 1
STACI Project Classes, 1986-1988

Class 1986 -1987 1987-1988
Systems Traditional Systems Traditicnal

GPS 3(47) 3(09) 2(41) 3(47)
Biology 4(82) 4(94) 4(80) 5(104)
Chemistry 3(63) 3(64) 3(66)  4(93)
Physics Not included 3165)

Total 10(192) 10(227)  12(252) 12(244)
War & Revolution  1(8) 1(10j

Note. Numbers indicate the mmber of classes (and enrollment) .




Table 2

War and Revolution Students’ Perfomamemthe?_sm

Instruments: Relevant Camparisons to Systems Classes (in %)
Instrument GPS Biology Chemistry Physics W&R

1986-1987 Courses

Figural Analogies 65.10 69.90 75.30 90.00
Progressive Matrices 69.87 78.73 85.53 99.07
Diag. Relatics.=s 46.87 56.07 62.07 86.67
Letter Sets 60.60 71.73 71.73 86.67
Deductive Reasoning

CAT Reading 70.75 84.89 95.86
CAT Language 62.00 82.98 95.00
CAT Math 68.04 81.89 98.14
CAT' Total 66.60 85.11 97.5"

1987-1988 Courses
Figural Analogies 57.03 71.16 74.92 72.20 86.00
Progressive Matrices 66.13 83.09 86.20 85.36 98.00
Diag. Relationships 51.48 67.92 62.18 76.00 87.33
Letter Sets 57.84 66.86 71.95 71.22 77.33
Deductive Reasoning 24.26 39.03 69.15 56.31 63.33
CAT Readingy 55.26 69.12 76.38 85.57 94.90
CAT language 45.30 63.90 73.92 83.88 94.80
CAT Math 54.81 73.72 76.98 84.82 95.10
CAT Total 50.74 69.03 77.14 86.78 96.60
Note. ngpsrgg = 27. nNRjo’gg = 67. Nchem’sg = 53-
’g8 = 50. nhysR’gg = 10. ngzpgs87 = 46.
NBjo’87 = 75. Ncnen'87 = 54. nygps87 = 7.

Scores for the seven War and Revolution students

concurrently enrolled in physics appear in W&R, not

physics.

Scores for the two War and Revolution students
conarrently enrolled in chemistry appear in W&R, not
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Table 3
Intercorrelations Between Reference Batteries, Year 1 and Year 2

Year 2
Year 1 Fig. Anal. Matric.s Diag. Rel. Iet. Sets
Figural Analogies .20* .32 .30 .16*
Progressive Matrices .30 .47 .42 .24
Diag. Relationships a7 .27 .43 .26
Letter Sets .23 .22 .34 .46

Note. n =204 - 216. *=p < .0L.
P < .001 for all other correlations.
MFAY1 = 7.26. MFAY2 = 7.11.

MAPMY]1 = 12.23. MAPMY2 = 12.23.

MIRY]l = 8.73. MIRY2 = 9.88.

MISY1 = 10.93. MISY2 = 10.20




Table 4
Intercorrelations Among Ability and Reference Battery Measures

FA APM DR Ls DRT READ LANG
FA
APM .40
IR 31 .40
Is .24 <33 41
IRT 24 .29 .40 .29
READ .25 <36 .48 .26 <36
IANG .23 .38 .48 <36 .38 73
MATH .38 .45 52 .38 <39 .58 <66
TOIAL .32 .46 .56 .38 <43

Note. FA = Figwral Analogies. APM = Advanced Progressive
Matrices. IR = Diagramming Relationships. IS = Letter
Sets. IRT = Deductive Reasoning Test. READ = CAT Reading
Subscale. IANG = CAT Language Subscale. MATH = CAT
Mathematics Subscale. TOTAL = CAT Total Battery Score.
n = 336 to 382. p < .001 for all correlations.




Reliabilities for the STT Sutscales

Total Test

Subscale Alpha
Graphing 5 .45
Gruphing Interpretation 7 .60
Graphing Translation 6 .62
Graphing Mathematics 3 .84
Loops 4 .82
Causality 3 .94
Identifications 33 .95
Systems Thinking a .79
68

.95




Table 6

Intercorrelations among STI Subscales
&R GI GT M  IOOPS  CAUS 1D
GR
GI .34
GT .31 .42
™M .24 .31 .42
IOOPS .23 .48 .34 .33
CAUS .31 .38 .39 .18* .39
D .26 .44 .50 .38 .46 2%
ST a7 .39 .44 .30 .40 .39 .74

¢

GR =Graphing. GI = Graphing Interpretation.

GT = Graphing Translation. GM = Graphing Mathematics.
IOOPS = Loops. CAUS = Causality. ID = Identifications.
ST = Systems Thinking.

n=214. *=pc<.01.

P < .001 for all other correlations.
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Table 7
Descrip.ive Statistics for the STT Subscales

Subscale Maximm Score

5
o

Graphing Interpretation
Graphing Translation
Graphing Mathematics
Loops

Causal.ity

e © o @
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Table 8

Camparisons of Performance on the STI (in %)
Subscale GPS Biology Chemistry Physics W&R

1986-1987 Courses

Graphing 57 65 80 92
Graphing Interpretation 35 52 69 98
Graphing Translation 34 47 57 91
Graphing Mathematics 8 30 53 100
Loops 27 57 62 97
Causality 31 58 65 98
Identifications 42 55 59 94
Systems Thinking 19 33 35 _86
Total K 47 56 92
1987-1988 Courses
Graphing 76 82 82 90 89
Graphing Interpretation 47 63 65 70 66
Graphing Translation 36 49 55 66 68
Graphing Mathematics 4 26 42 64 82
Locps 39 73 60 67 74
Causality 72 92 86 91 100
Identifications 28 63 63 72 81
Systems Thinking 26 43 _42 46 55

Total 36 59 58 66 72

o Note. ngpssgg = 34. ngjorgg = 65. Nchem’gg = 60.
rgg = 48. YWeR’gg = 9. Ngpgr87 = 46.

NRjo’87 = 70. Nhe’87 = 56. nNygr'87 = 7.
Scaores for the seven War and Revolution students
concrrently enrolled in physics appear in both W&R and
physics.
Smmfortheun\ﬂararﬂl?evolmmstwents
conanrently enrolled in both chemistry appear in both

W&R and chemistry.

13




Table 9

Course Breakdowns for the STT Subscales

Physics

war & Rev.

Biology Chemistry
s 8s.D.

GPS
5.D.

.00

.85 7.88 26.78 4.68
.57 _5.89 18.67 2.60

.50
00 19.00 92.07 20.11 100.67 12.83

5.33
4.11 1.69
9.00

.79

3.20 1.84
11.37 5.17 12.67 6.18

8.20 1.98

3

*® & 0 o

88884833
AT~ O0

93
42
42
08
27
75
67
27

HOTANWIM
3923428”
L]

41 .L o oo. .
8 «
AP273®R3F

O~ << O (=4

A Temon
RRAIBRAT
*T®OO VYoo

51.09 22.63 82.75 21.67 81
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Performance on the Chemistry Reaction Pates Test by Course-Taking
Sequence
n
Pretest
Systems Chemistry 3.54 37
Systems Biology 3.05 19
Traditional Biology 4.06 18
Traditional Chemistry 3.97 62
Systems Biology 3.93 28
Traditional Biology 4.00 34
Posttest
Systems Chemistry 8.66 41
Systems Biology 8.43 21
Traditional Biology 8.90 20
Traditional 7.55 65
Systems Biology 7.35 31
Traditional Biology 7.74 34
Gain
Systems Chemistry 5.11 37
Systems Biology 5.42 19
Traditional Biology 4.78 18
Traditional i 3.72 62
Systems Biology 3.71 28
Traditional Biology 3.74 34




Taine 11

Correlations Between Achievement and Systems Performance |
- E— |

|
Subscale Reading language Mathematics Total
Graphing .21* .32 .24 .29
Graphing Interpretation .28 .38 .43 .40
Graphing Translation .42 .47 .53 .52
Graphing Mathematics .44 .46 .56 .53
Loops .28 .35 .42 .37
Causality .18* .23 .26 .24
Identifications .51 .53 .53 .58
Systems Thinkin, .42 .43 .51 .50
Total Test .53 .60 .65 .65

Mste. *=p<.0l. p< .00l for al. other correlations.
nR = 206. ny, =206. nu = 205. np = 204.




Table 12
First-order and Paxtial Correlations among GPS and Ability Tests

S, stems GPS Pre GPS Post Speed

Systems X L45%** .5gh¥* -5 Solale

GPS Pretest .46** X 43%* J42**

GPS Posttest .56::: .45:: X . .48**

Speed .70 .44 .58 X

APM .46** .15 J44** .43%*

Systems X .68%** .48* .61%*

CPS Pretest JTOX** X .42% N Yol g
GPS Posttest - Jodade .47 X .46*

Speed J62%** .65%** .47* X

CAT .47* .25 .60** .18

Note. *=p<.05. *™=pc<.0l. ***=p<.o0l.
Dapy = 31. nepp = 21,
Zero—-order correlatio-; are in the lower triangle.
Partial correlations are in the upper triangle.




Table 13
First-order and Partial Correlations among Biology and Zbility

Tests
Systems Bio Pre Bio Post Immin Sel Imm Trans
Systems X .24 SEFFR g RRk Rk ok
gl}o Pretest 22 X .19 20 .34% 14
o Posttest .57 .17 .59 JLAGERE ggRhk
Iramology .65%** 19 .61%** 87** ggkak
Selected Imm. L65%** 3o JS1r*k gghik .60***
A’l‘:;nsport .;4*** a1 52%**  goRtk  goukk .
. 8 -007 022 .21 olg .26
35135 ;c?* .)1(6 .29* .50*** .49‘:** .21
!tewt L ] l% .19 .311 .l3
Bio Posttest ST 41 .28*
Immmnity .€5***  og L61%** .83¥HN o
Selected Irn. L65%**  3gk* J51%*%  ggkik 47***
Transport 44%** 23 JS3FRE gyREkk gokdk
CAT .58*** o4 L69%**  goRkk  gekkk g kkk

Note. *=p<.05. ** =p<.01. *** =p< .001.

DApM = 44. ncap = 43.

Zero—arder correlations are in the lower triangle.
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Table 14 :
First-order and Paitial Correlations anorg Chemistry and Ability
Tests

Systems Chem Fre Chem Post RR Pre RR Post

Systems X .01 .39%* .33* 55***
Chen Pretest .03 X .24 21 =11
Chem Posttest  .40** .24 L64RHE gk
Reac. Rates Pre .38** .21 L64%**  y .21
Reac. Rates Post .56*** -.10* 49*** 23 X
APM .35** .04 11 .25% .13
Systems X -.08 .29* .35% 50%**
Chem Pretest .00 X .12 .08 -.23
Chem Pusttest 46*** 1€ X L65*FE  qq*
Reac. Rates Pre .41** .11 67 x 23
Reac. Rates Post .60*** -.16 .43** .30* X
GAT .55*** .12 .44** .23 .39%*
Note. *=p<.05. *=pc<.01. ***= .001.

neaT = 41.

Zero-order correlations are 1 the lover triangle.
Partial correlations are in the upper triangle.
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Appendix A
Description of Content, Reference Battery, and Systems Tests

Subject Test Subscore Items Max. Teachers
Score with data
GPS Pretest
Full Year Total 40 40 Sys., Trad.
Posttest
Full Year Total 40 40 Sys., Trad.
Speed Motion Total 30 63 Sys., Trad.
Sub 1 5 5 Sys., Trad.
Sub 2 10 10 Sys., Trad.
Sub 3 9 26 Sys., Trad.
sub 4 1 2 Sys., Trad.
sub 5 5 20 Sys., Tred.
Biology Pretest
Full Year Total 44 44 Sys., T, T2
Posttest
Full Year Total 44 44 Svstems
Sub 1 9 9 Sys., T1
Sub 2 14 14 Sys., T1
Suwb 3 12 12 Sys., T2
Sub 4 8 8 Sys.. T1, T2
Total 1 1 Sys., T?
- Immmnology Total 31 31 Sys., T2
Selected 14 14 Sys., T2
Chemistr  Pretest
Full Year Total 20 20 Sys., Trad.
Posttest
Full Year Total 20 20 Systems
Reaction Rates :
Pretest Total 12 12 Sys., Trad.
Reaction Rates
Posttest Total 12 12 Sys., Trad.
Reactions Part 1 25 25 Sy_tems
Reactions Part 2 10 10 Systems
Reactions Part 3 10 14 Systems
Third Quarter Final 25 25 Systems
FPhysics Pretest
full Year Tot.d 39 39 Systems
d Posttest
Full Year Total 39 39 -Systems
57
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Appendix A, Continued

Reference Figural Analogies 10
Battery Advanced Progressive

Matrices 15

Diagramming Relatiaonships 15

Letter Sets 15

Deductive Reasoning 1

Systems Total 68

Thinking Graphing S

Instrument Graphing Interpretation 7

Graphing Translation s

Math Graphing 3

Loops 4

Causality 3

Identifications 33

Systems Thinking 7

10

15
15
15
15

140
6
19
17
5
17
9
33
34

All but
Traditional

Systems GPS,
Biology,

Physics, and
War and
Revolution

Note. Chemistry Reactiun Rates Pristtest is a subset of the
Reactions Part 1 measure.




Apperdix B
Percent Correct on the Advanced Progressive Matrices

Item % S.D.
1-2 .92 .28
1-6 .78 .41
1-10 .84 .37
2-2 .83 .38
2-5 .80 .40
2-10 .70 .46
2-14 .67 .47
2-18 .59 .49
1-4 .90 .30
1-8 .74 .44
1-12 .66 .47
2-4 .80 .40
2-8 .69 .46
2-12 .72 .45
2-16 .63 .48
Note. n
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Apperdix C

Achievement Test Scores by Teacher and Course

(In National Perventiles)

Course Treatment n M S.D.
Reading Subscale

General Physical Science Systems 27 55.26 20.82
General Physical Science Traditional 32 63.84 19.39
Bioiogy 67 69.12 21.64
Biology Traditional 53 69.38 19.52
Biology Traditional 33 70.30 23.07
Chemis. .y Systems 53 76.66  16.61
Chemistry Traditional 85 78.36 i9.36
Physics Systems 58 86.64 14,21
War and Revolution Systems 10 94.90 3.57
Lanquage Subscale

General Physical Science Systems 27 45.30 20.46
General Hysical Science Traditional 32 60.38 19.19
Biology Systems 67 63.90 21.67
Biology Traditional 52 63.85 18.20
Biology Traditional 33 68.70 22.80
Chemistry Systems 53 74.15 17.16
Chemistry Traditional 85 71.44 18.61
Physi Systems 58 84.97 15.74
War and Revolution Systems 10 94.80 4.47
Mathematics Subscale :
General Physical Science Systems 27 54.81 18.20
General Fhysical Science Traditional 32 68.59 16.63
Biology — Systems 66 73.73 1A.56
Biology Traditional 51 63.47 21.09
Bioleogy Traditional 33 70.91 20.28
Chemistry Systems 53 77.32 15.66
Chemistry Traditi 84 78.37 15.98
Physics Systems 58 86.12  12.32
War and Revolution Systems 10 95.10 3.93
Total Test Score

General Physical Science Systems 27 50.74 18.65
General Physical Science Traditional 32 64.03 17.09
Biology Systems 66 69.03  20.03
Biology Traditional 50 65.66 17.98
Biology - Traditional 32 71.34 22.26
Chemistry Systems 52 77.46 15.11
Chemistry Traditional 83 77.02 17.0%
Physics : Systems 58 87.95 12.78
War and Revolution Systems 10 96.60 1.96

Note. The two listings for traditional biology reflect the fact
that there were two teachers in the control treatment.
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Apperdix D

NAME_ CLASS
FIGURAL ANALOGIES
instructions

Here are several analogies in the form of figures rather than
words. The format is the same. There is some relation between
forms A and B with C and one of the other 4 options. Your task 1s
to determine which of the four figures to the rnght completes
the form, A: B C:D. Look at the example below The A formisa
small, solid colored circle. B is a large empty circle. Cis a small
solid colored triangle. Which of the four figures completes the
pattern? A large, empty trangle or 2 is the correct answer.
Work through the items. Circle the an~~er that best completes
the pattern.

Example:







Apperdix E
Percent Correct on the Figural Analogies Test

Item M S.D.
1l .84 .37
3 .47 .50
5 .83 .37
7 .94 .23
9 .92 .28
2 .90 .30
4 .20 .40
6 .57 .50
8 .68 .46
10 .69 .46

¢




Name

DIAGRAMMING RELATIONSHIPS -- RL-2

Somet imes the relationships cmong groups of things are best explained by
diagrams that consist of overlapping circles. For example, if certain specific
things, let's say lions, all belong to one larger class of things, let's say

animals, you could diagram the situation as follows:

animals
lions

In these diagrams we do not care about the relative sizes of any ¢f the circles.
That is, we are not Suggesting here that a relatively large pProportion of animals
are lions, but we are indicacing that all linns are animals. That is why the circle
Tepresenting lions is drawn entirely within the circle thar ropreser.ts apimale.

Now take the relationships among three 8-oups of different things: birds, pets,

and irees. These should be diagrammed as foliows:

birds
G\ crees
pets

This diagram shows that no trees are eirher pets or birds, but some birds are pets

and some pets are birds.

Each item in this test numes three groups of things. You are to choose from
the lettered diagrams at the top of the test pages the one diagram that shows the
correct relationships among the three groups of things in each item. Mark the letter

of the diagram that you select.
Now try these sample items:

QO 0D &0

D

1. Animals, cats dogs

A B C D E
2. Desks, furniture, pencils

A B (o D -=E
You should have marked A for 1. and E for 2.

Your score on this test will be the number of correct choices minus a fraction .
of the number of incorrect chojces. Therefore, it will not be to your advantage to
§:ess, unless you have at least some idea that will help you make a correct choice.

There arc two parts to this test. Each part has one page with 15 items. You
will have 4 minutes to complete each part. When you have finished Part 1, STOP.

Please do not 80 on to Part 2 until asked to do so.

~e
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DO NOT TURN THIS PAGE UNTIL ASKED TO DO SO
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n ",‘; !

rart Do (4 fninutes)

dark the letter of the di
groups in each item:

k0 & B8 oo

16.

agram that represents the relationships among the three

Shires, things made of cotton, blue things
A B c D E

17. Pines, trees, stones

A B c D E
18. Gems, diamonds, hard things

A B c D E
19. Trousers, shirts, hats

A B C D E
20. Chairs, 1liquids, fishing rods

A B C D E
21. Dogs, bears, white animals

A B C D E

22. Things painted red, cars, bicycles

A B C D E
Storms, bad weather conditions, hurricanes
A B C )] E
24, Potatoes, mice, animals

A B (o] D E

23.

25. Table ware, objects made of silver, knives

A B C D E
26. Dogs, poodles, animals

A B C D E
27. Trees, tomatoes, grains

A B C D E
28. Shades of red, colors, sizes -

A B C D E
29. Pets, rabbits, white animals

A B C D E
30. Baskets, hats, objects made of straw

A B C D E

Ty
¢

v

Q DO NOT GO BACK TO PART 1 AND DO NOT GO ON TO ANY OTHER TEST UNTIL ASKED TO DO SO
) 65 CTAN
COPyl'lght ‘ [ , 1975 bv Educatinnal 10Q@r 1A Qneerd o o XK .« )




Appendix G
Percent Correct on the Diagramming Relationships Test

M S.D.




Apperdiix H

Name

LETTER SETS TEST — I-1 (Rev.)

Each problem in this test has five sets of letters with four letters
in each set. Four of the sets of letters are alike in some way. You
are to find the rule that makes these four sets alike. The fifth letter
set is different from them and will not fit this rule. Draw an X through
the set of letters that is different. '

NOTE: The rules will not be based on the sounds of gsets of
letters, the shapes of letters, or whether letter combinations
form words or parts of words.

Examples:

A.  NOPQ % ABCD HIJK VWX

B. NLIK PLIK GLIK %( VLIK

In Example A, four of the sets have letters in alphabetical order.
An X has therefore been drawn through DEFL. In Example B, four of the
sets contain the letter L. Therefore, an X has been drawn through THIK.

Your score on this test will be the number of problews marked correctly
minus a fraction of the number marked incorrectly. Therefore, it will not
be to your advantage tn guess unless you are able to eliminate one or more
of the letter sets.

You will be allowed 7 minutes for each of the two parts of this test.
Each part has 1 page. When you have finished Part 1, STOP. Please do
not go on to Part 2 until you are asked to do so.

DO NOT TURN THIS PAGE UNTIL ASKED TO D SO

Copyright (:) 1962, 1975 by Eaucational Testing Service. All rights reserved.
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16.
17.
18.
19.
20.
21.
22.
23.
2.
25.
26.
27.
28.
29.

30.

ABCX
LNLV
ABCE
GFFG
DCDD
FEDC
BDBB
BDCE
BDEF
NABQ
IMEGF
AOUI
BEPW
RRBR

QIFR

Page 3

Part 2 (7 wminutes)

EFGX
DTFL
EFGL
JCCD
HGHi!
MKJI
BFDB
FHGI
FHIJ
PEFS
KLHJ
CTZR
HJTX
QQAR

«GLJ

DO NOT GO BACK TO PART 1 AND
DO NOT GO ON TO ANY OTHER TEST UNTIL ASKED TO DO SO.

IJKX
CLNL
IJKM

STTS

DCBA
BHBB
JLKM
HJKL
RIJV
NOQP
JHTN
KNRZ
FTEF

BCOR

0PQX
HRLL
OPQT
RQQR
QQQR
HGFE
BBJB
PRQS
NPQR
GOPK
PQSR
PBRL
KOSV
JXIJ

ZRED

uvwz

LLWS

MLLM

'IHG

BBLB

SVWX

CUWG

TURS

RTVH

WRPM

SSCS

JIFC

[ )
1
—

STOP.

Copyright @ 1962, 1975 by Educational Testing Service. All rights reserved.




Apperdix I
Percent Correct on the letter Sete Test
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Apperdix J

DFDOCTIVE REASONING TASK

Elliot, Ron, Iois, Nancy, and Fran, whose last names are Adams,
Davis, Gordon, Harris, and Jackson, have favorite types of books.
The books are mystery, biography, scienca fiction, camedy, a4
poetry’.

Match e arything up fram the clues below.

1. Jackson and the person whoee favorite is mystery bought Harris
his favorite book.

2. Adams spénds one hour each night reading his favorite, which
isn’t biography.

3. lois, Gordon, and the girl vwhose favorite is mystery went to
the book store with Elliot and Adams.

. 4. The girl whose favarite is ‘cience fiction talked to lois

about the latest best sellers. _

5. Adams and the person whose favorite is camedy walked to school
with Lois.

6. Fran’s favurite is not mystery, but she likes it alot, anyhow.




Helpful hirc: To £ill in the chart, make a note in each box if the
cabinatice: can be eliminated. When there is only one blank box
leftinﬂmrworcoltmwithinﬁxemtagory,mzkmatbmcasa
rexinder that you have found ane of the solutions. Contirue
tiuougn the clues, eliminating as many of the baxes as you can.

'UO{QUZ"JZ?:"!UM




Name
John was training to run the Boston Marathon. To check his progress
he graphed ..s times each week with the following results:

’

Week Mimtes

1 185

5 180
10 17¢€
15 188
20 185
25 180
30 170

1. Circle the set of axes that best describes the results?
A 190 — B
185 |
185 |
130 |
MIN MIN 180 |
175 |
175 |
170 |
170 |
0
10 2 3% 0 10 20 30
WEEK WEEK
C D
185 _
200 |
195 [ 183 |
190 [
185 | 182 |
MIN180 | MIN
175 [ 180 |
170 |
100 | 175 |
0 0
0 $ 1% 30 - 0 10 20 3¢
WELX WEEK
2. Now select the appropriate axes and graph John’s training times.
3. Is his training working? why?




Rainfall was recarded for six months last year. Based on the
measurements, here are the mumber of inches that fell per month.

10 - r_C

(Inches)

A
0 | H S
0 $ ¢ 1 s K] 16
Month

4. What are the coordinates for point C?
5. During what month did it rain 4 inches?

6. How many inches of rain fell during month 82

7. A stident prepares for an examination. The more she prepares,
the bettar her performance, up to a point, after which
additionil study does not improve her test score. Translate the
this relationship into a graph.
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8. Awount of exercise causes changes in weight. Graph the
following relationship. As exercise increases, weight decreases.
Make sure to label the appropriate axes.

men&:santodcphysicaledxmtim,herabilitytonmthemne
steadily improved until she was able to run the distarce in 8
Shecmtimedatthatratemtilﬂxeexﬂofﬂ:esdmly\aar.
Susanmb.mxedfrnsmervacatim,shefanﬂthatmrspeed

ml. um .

dropped to 11 minutes per mile. Soon after and with some practice, her
speed quickly retinned to 8 mimute miles. -

9. Graph the pattern of Susan’s time for the mile. _




10. Two students had part-time jobs after school. Each student
deposited a partion of their earnings into a savings account.
The following graphs show the pattern of savings for each student
from January through May.

o

Student 1 Student 2
50 50
[~ B
40 | 40 {
Money 30 | Money 30 |
Depasited Deposited
(§) 20 [ ($) 20|
10 | 10 |
0 0
Ja F& M2 2p MA T oW Ja Fé M3 Ap Mk Jb Jh
Manth Manth

a. How would you describe stxent 2’s pattern of savings?

b. How does student 1’s attern of savings compare with student 2’s?

C. Who saved more money in the fram Jamcary to May?-

d. How much more money did that student save? $

€. Assl.e each student continued to save at the same rate, plot data
points for June and July on the graphs above.

a. Graph the function: y=3x -1 -

b. Vhat is the slope of
this line? - x
~19 10
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12. Write the function for the straight Yy

line that passes through the origin 10
and has & slope of -1. [

=10

13.
a. Select ane of the sets of axes and graph the relationship
between difficulty of school wark and amount of st ty.

Amount Difficulty
of Study of Scheal
’ Wark
Difficulty of Amount of
Schoal Work Stud

b. Briefly describe the relationship between study time and
difficulty of school work (how difficulty affects study time and
how study time affects level of difficulty).

C. Show how this relationship can be represented in a feedback loop.
Add the + or - to indicate the same (+) or oppoc_ce (=)
direction of relationship.
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14. Describe the relationship between practice and performance,
performance and motivation, and among practice, performance,
and motivation.

Perfarmance Motivation

A. Caomplete the following sentences to describe a causal relationship.

B. Then draw an arrow diagram to represent causation.

C. Next, ixﬂimteifmedmageinthesecaﬂvariableisthesane(ﬂ
or opposite (-) from the first variable.

EXAMPIE: Consunmption of desserts causes changes in weight.
S

oo~ _aption of desserts ) weight

15. Amount of exercise causes




Describe the relationship between frustration and perfcrmance.

Describe the relationship between temperature and use of an air
conditioner.

Describe these twn feedback loops.




21. For each set of three variables, state whether it is a stock.
(level) or a flow (inflow ar outflow) (rate). Give the unit of
measure for each variable.

Example: Variables Stock or Flow Unit of Measure
Population Stock Numnber of people
Rirths Flow (Inflow) Babiss born per year
Deaths Flow (Outflow) Deaths per year

a. Credits
Bank Balance
Debits

b. Evaporation
Rainfall
Water

22. For the following set of variables for flight patterns, create a
model using a flow diagram. Briefly axplain how the model works.

EXAMPIE: Population, Deaths, Births
Births




23. Using the flight pattern model above, what variable(s) might
affect the mmber of departures?

24. Here is a model of a student’s record collection. Label the
nubered parts of this model as a flow, stock, converter, or
connectaor.

Cost of Allowance latest Hits
New Records

Label the following:

a. b. C.
d. e. £.
g. h. i.

25. According to the model, what influences the amxnt of records
in the collection?

26. According to the model, what influences the mmber of purchases?

27. How might the purchase of a compact disc player affect the model?




C.

food{axpply. They must rely on sand crabs as their only food
source. After gorging themselves, those birds that are able to

What variables might affect the birth rate of the bluewinged
finch?

Draw a flow diagram to show the mating system of the bluewinged
finch.

During the fifth year of migration, a disease infected the
population of crabs, cavsing a severe food shortage. The
nnberofc:absslawlyreumadtommlbyﬂ:etexmhyear.
This ten year cycle recurred. Draw a graph to show what would
nappen to the finch population as their food source increases
2 decreases.




Apperdix L
ATEM STATISTICS FOR THE SYSTEMS THINKING INSTKUMENT

Maximum GPS Blology Chenmistry Physics War & Rev.

Scure

M S.D. M S.D. M 2D, M S.D. M S.D,

1 1 A A .88 .33 .68 .50 72 .45 .78 A

2 2 1.56 .78 1.55 .64 1.62 .69 "1.80 .49 1.78 A

3 2 1.24 .74 1.48 .73 1.50 .81 1.91 .35 2.00 .00

4 1 A4l .23 .27 50 70 .46 .89 .32 .78 A

S 1 .91 .29 .94 2 .97 .18 .98 .14 1.0d .00

6 1 .94 .24 .97 .17 .97 .18 1.00 .00 1.00 .00

7 3 1.59 1.28 2°2 1.04 2.8 1.01 2.59 . 2.33 1.04

8 3 1.65 1.01 2.11 1.03 2.23 .96 2.80 .98 2.56 .88

9 3 .97 .94 1.02 .86 1.32 .79 1.39 .98 1.89 1.05

10A 3 1.50 1.16 1.55 .95 1.87 1.13 2.00 .95 1.78 97

106 3 1.88 1.22 2.22 1.12 2.15 1.15 2.17 1.16 2.00 1.12

10C 2 1.35 .95 1.38 .93 1.57 .83 7 56 .84 1.56 .88

10D 1 .15 .36 .42 .50 .42 .30 .54 .50 .67 .50
190F 2 1.12 .88 1.43 A9 1.45 .72 1.56 .60 1.67 .50

11A 2 .09 .29 .57 .86 .80 .94 1.30 .84 l.44 .88

11B 1 .03 17 .28 45 .42 .50 .76 .43 .89 .33

12 2 .06 .34 .48 85 .87 .98 1.15 1.00 1.78 1.67

13A 2 .32 .68 .66 .85 1.32 .85 1.39 .90 1.00 1.0C

138 4 1.32 1.30 2.48 1.23 2.75 1.24 2.50 1.45 2.22 1.64

13C 5 1.20 1.34 3.85 1.5% 2.30 1.87 2.85 " &3 4.00 1.32

14 4 1.47 1.64 2.46 1.76 2.17 1.70 2.65 1.62 2.33 1.73

15 3 2.20 1.15 2.74 .62 2.63 .80 2.74 .65 3.00 .00

16 3 2.03 1.29 2.85 43 2.55 .87 2.72 .68 3.Cu .00

17 3 2.26 1.16 2.66 .73 2.57 .83 2.74 .65 3.00 .00

18 4 1.76 1.33 2.83 1l.44 2:60 1.48 2.94 1.58 3.1 1.76

19 4 1.76 1.02 3.06 1.18 2,73 1.35 2.94 1.43 2.67 1.66

20 4 1.91 1.24 2.71 1.23 2.63 1.28 2.83 1.52 2.89 1.69

21A1 1 .32 47 .71 46 .67 .48 .70 .46 .78 b

2 1 .06 .24 .34 42 .23 .43 .23 .45 .33 .50

3 1 .35 48 .74 b .82 .39 .89 .32 1.00 .00

4 1 15 .36 .58 .50 .60 .49 .67 .48 .78 44

S 1 .33 .48 71 .46 .70 .46 .72 .45 .78 44

6 1 .0¢ .29 .35 .48 .28 45 .28 .45 .33 .50

Bl 1 38 49 .83 .38 .82 .39 .87 .34 1.00 .00

2 1 .18 .39 .40 .49 .25 YA .35 48 .46 .33

3 1 .38 .49 .74 A4 .78 a4 .83 .38 1.00 .00

4 1 .20 /S Y | .50 44 .33 .48 A .93

o 1 .38 .49 A7 42 . .40 .87 .34 1.00 00

6 1 .15 .36 .51 .50 08 .50 .61 .45 .57 -.53

Cl 1 .24 .43 .83 .38 .63 .49 .85 .36 1.00 .00

- CONTINUED -




Appendix L Contimued

ITEM STATISTICS FOR THE SYSTEMS TINKING INSTRT ENT
Item Maximum GPS Biology Chemistry Physics Watr & Rev.
Score

M S.D. M S0 M D, | 2.D, | D,

2 1 .06 .24 46 .50 .52 .50 .56 .50 .67 50

3 1 26 L4 J7 .42 .57 .50 .85 .36 - 1.00 .00

4 1 .09 .29 43 .50 .48 .50 .46 .50 44 53

5 1 32 .47 77 42 .70 .46 .87 .34 1.00 00

6 1 03 .17 31 .46 37 .49 .52 .50 78 44

D1 1 .26 .43 .58 .50 .60 .49 .83 .38 .89 .33

2 1 03 .17 .35 .48 .28 .45 .61 .49 .67 .50

3 1 .26 .43 .68 .47 .67 .48 .83 .38 .89 .33

4 ) 06 .2 37 W46 .32 .48 .27 .50 .56 .53

5 1 L2643 .58 S0 .58 .50 .82 .39 .89 .33

6 1 03 .17 346 48 .28 .45 ST .50 .56 .53

22 7 2.65 2.06 4.12 1.62 4.12 1.92 4.35 2.19 5.78 1.39

23 2 .76 .78 143 .73 1.42 .81 1.56 .69 1.78 .44

26A 1 746 45 .68 .47 73 64 91 .29 1.00 .00
24B 1 .76 .43 91 .29 .88 .32 .91 .29 1.00 .00 -

24C 1 .70 .46 .69 .46 7245 .89 .32 1.00 .00

24D 1 .35 .48 .85 .36 .85 .36 91 .29 1.00 .00

24E 1 32 .47 78 .4l .87 .34 .89 .32 - 1.00 .00

24F 1 32 47 .82 .39 .80 .40 .89 .32 1.0 .00

246G - .32 .47 w3 .36 .85 .36 91 .29 1.00 .00

Z24H 1 41 .50 7 43 .87 .34 .89 .32 1.00 .00

241 1 .38 .49 .85 .36 .82 .39 91 .29 1.00 .00

25 3 1.20 .84 1.71 .84 1.85 .88 1.72 .90 2.11 .78

26 2 1.35 .88 1.88 .41 i.82 .57 1.82 .58 2.00 .00

27 3 .82 .97 1.46 1.17 1.77 1.14 1.50 1.00 2.22 .97
28A 5 1.00 .82 1.91 1.10 2.02 1.11 2.11 1.25 2.33 1.66 .

28B 12 1.24 1.56 2.22 2.39 1.28 1.64 2.52 2.44 2.44 2.35

28C ¢ .29 1.05 .95 1.38 72 1.:3 1.46 1.68 2.11 1.54

Graph 6 - 4.56 1.31 4.91 1.06 4.93 1.19 5.39 .79 5.33 .50

G.Interp 19 8.91 3.80 11.98 4.30 12.42 5.51 13.30 3.71 12.56 3.88

G.Tians 17 6.15 3.87 8.29 3.20 9.42 3.05 11.19 3.03 11.56 3.05

G.Math 5 '3 .58 1.32 1.99 2.08 1.97 3.20 1.84 4.11 1.69

Loops 17 - 6.65 3.74 12.45 4.1°7 16.27 4.48 11.37 5.17 12.67 6.18

Causality 9 6.50 3.36 83.25 163 7.75 2.40 8.20 1.58 9.00 .00

Ident 33 9.12 8.59 20.83 8.89 20.07 8.18 23.85 7.88 26.78 4.68

Sys.Th 34 .03 5.30 14.72 5.5 14.27 4.81 15.57 5.8° 18.67 2.60

Total 140 51.09 22.63 82.75 21.67 - 81.20 19.00 92.07 20.11 100.67 1..83

Hote: ngys~ 34  Dpro =65 Doupw - 60  Dpyys = 36 ay g g - M

Scoes for the two War
clemistry are iacluded

and Revolution stud:nts concurrently enrolled in

in the chenistry gnd War and Revolution means




Appendix M
Prepared by M. E. Thorpe
curriculum and Instruction
The science teachers inteqrated the systems thinking approach

into instruction in distinct ways. Because of variation in how tie
systems thinking approach was integrated into irstrv tion, it is
useful to examine each subject separately. For all conterit areas,
the objectives and gerwral approaches to instruction are presente °,
folicwed by a discussion of the content and methods used in
teadung with a systems perspective. Instructional activities,
requisite cognitive skills, and content knowledge are described.
Camparisons between traditional ard systems instruction focus on
information r~lated to topics tausht with the systems approach.
General Physical Science (GPS)

Systems instruction was u.ed to teach speed, motion, velocity,
ad acceleration, concept:s traditionally difficult to master.
Althouwgh students learn formulas and terminclogy, fess have an
intuitive understanding of relationships underlying these ideas.

To pramote canprehension, tne teacher used an inquiry-oriented
format and a c.xr.bination\of traditional and systems methods that

was supplemented with structural models.
Sequence and organization of systems instruction. Systems

initially was taught through exploration of models and their use to
solve p~oblems. Drawing .n examples from the viieo "Search for
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Solutions" and actual evperiences, students described problems and

identified elements of models. To reinforce the notion of
causalivy, students were exposed briefly to causal loop diagrams
and asked to construct loops of scientific amd non-scientific
problems. Structural diagramming wus introduced, in cc. junction
with the Macintosh, as another mode.ing tool.

Instruction began with a demonstration of a water tank model
ussing SIELI2. Students worked online in pairs to build and explore
struccural models using worksheets prepared by Technical Education
Research Zenters (TERC). Students experienced diffic.lty with the
task procedurally and declaratively. Although directions were
given to guide students through a sequence of steps, the abjective
of the activity was not stated, leaving many students uncectain
about what they were doing and why. Aiother problem wus the lack
of familiarity with the Macintoshs and STELIA, compourded by
operationz] mechonics and the need to alternate among different
representations.

The teacher subsequently adopted a more direct approach. He
presented a simpler offline model for discussion with the whole
class. Students were shown how the concept of rates was
represented in a structural model. Stucents then worked through
problems togethor, areating graphs of expected rates and flows.

After a month’s interim, systems thinking was reintroduced to
teach speerl, distance, acceleratiun, and velocity, with
augrentation by traditional methods. Student- spent a week on
offline problems using formulas. They also were required to
describe the motion of abjects in verbal or graphical form.
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Students then reviewed STELIA symbols, discussed a model of
acceleration, velocity and distance and worked through problems of
stocks and flows. They worked online for one week creating
structural models. Following detailed instructions they built
simple diagrams of velocity (a rate) and distance (a stock). They
ran models, changed parameters, and explained results. They also
used their models to solve traditicnal word vroblems.
A more cumpiex model v-s introduced to illustrate relations
among acceleration, velocity, and distance. Students were given a
structural diagram and parameters for each variable and were
directed to create graphs, change values, predict, and describe the
cbservea .chavior. They were able to do anly a few problems and
many had difficulty genereting and interpreting the graphs. An
acceleration lab then was conducted. Students watched a
demonstration, collected data, and graphed their results. The
class then compared the STEL'A models with other representations: of
speed and motion.

Assessment of systems instruction. Speed and motion usually

are difficult for students to learn due to the concept of rates.
The systems approach presents rates structurally and graphically,
allowing students to define rates and relationships in a model.
Additionally, students can create structural diagrams and
illustrate how the underlying behavior changes over time. When
students are instructed with truditional methods. they often fail
to grasp that rates change over time. They focus on mastering
formulas. Althmgh they might cmpute the correct answer, they
often cannot explain or predict the behavior cver time.




While systems instruction helped same students, others had
difficulty understanding speed and motion. Understanding
accelerat.ion as a rate of change of a rate of change was difficult
even with systems. Same students had trouble with the lo,.c
underlying velocity’s represertation as both a stk and a flow.
Furthermore, many students initially had difficulty with the
mechanics of STELIA umil the teacher provided explicit directions
and sample models. The twacher expressed disappointment with
students’ explanations of abserved behavior, despite atypical task
demands. Increased exposure to this type of task, as well as more
examples of process analysis may facilitate perfcrmance.

Campariscn with traditional instruction. The systems and

traditional teachers wanted students to attain a basic
understanding of speed and motion. m&mghmeysharedmis
goal, they differed in their approaches to instruction and ihe
amount of time devoted to the topic. The traditicnal teacher
devoted six weeks to the unit; the systems teacher spent four
weeks. The traditional teacher emphasized definitions,
measurement, and formulas. She closely followed the text,
emphasizing a computational approach to speed and motion problems.
Students were instructed to write formulas, enter the mmbers into
the formilas, make conversions, and check their answers for
accuraCy. In contrast, the systems teacher stressed concepts
underlyirg the fomulas. Although studerts were exposed to the
formila method, instruction was presented primarily from a systems

perspective.




Biology

In biology, systems was used to present an integrated view of
biological processes. This integrated approach contrasts with
traditional instruction which typically emphasizes the functions
and churacteristics of biological processes in a more segmented
way. In camparison to the otsier sciences, systems instrur ion in
biology was used primarily “o reinforce and/or synthesize
information presented though other approaches.

Systems was applied differ-+tly in the instruction of cellular
transport and cellular response to infection. With transport,
systems was used to reinforce concepts students had learned through
other activities. They worked on several labs related to cellular
transport priot to the systers module. The systems umodel was a
similation of their lab experiences. Systems was used to
synthesize and extend information previcusly taught in immunology.
Although students spent several weeks studying characteristics,
functicns, and selected relationships among the cumponents of the
imane system, they had not rdiscussed the way these camponents
operate as a system. The wodel was the first time students were
exposed to how these components interact during cellular response
to infection.

Sequznce and organization of systems instruction. The systems

teacher used a direct approach to instruction. In camparison to
the other science ciasses, more time was dewcted to whole class
presentations and discussion. He spent approximately one week
introdwing students to modeling and STELIA. As in the other

sciences, studer."s were iaformed that mcdels could be used as a
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prablem solving tocl in many subject areas. Although causal models
were introduced, greater emphasis was placed on teaching systems
fram a structural perspective.

Students were introduced to structural diagrams and STELIA
through demonstration and discussion of a populaction medel. They
examined the camponents of the model and how factors affected
behavior over time. They also made predictions about patterns of
behaviorarﬂaltr.redﬂmbasedmdlargesinﬂlemdel. Graphs
were examined with respect to predictions. To demonstrate STELIA's
simﬂatimaapacity,theMmdalwasdoneincmjmxctimwitha
lab on the cooling rate of liquid. At fixed intervals, the teacher
repc.ted the temperatures of three soup containers of equal volume
that differed in initial temperature. Students recorded data and
created graphc of temperature changes over time. The teacher then
dmstratedasmmmlmdelofmemerim. Students
campared their graphs to the one generated by STELIA. As a class
they suggested modifications to the parameters of the model and
abserved changes in cooling rate.

Students were instructed to o,..rate the camputers through the
software program, Guided Tour of the Macintosh. After completing
this program students, worked online in pairs to explore a teacher-
canstructed model of oxygen production during photosynthes.s. The
model illustrated the relationship between light intensity and the
rate of oxygen proiuction. Althcagh the teacher had introduced the
model previcusly in class discussion, stidents had not stidied this
topic before, and therefore, they had difficulty understanding
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relationships. The use of STELIA facilitated students’ subsequent
performance in modeling and understanding of the concept.

Following a series of learning activities on the topic of
diffusion and osmosis, a structural model was introduced to
reinforce th:se processes. In this instance, the teacher led the
class to construct a curplex structural model containing two
interrelated subsystems, one for osmosis and another for diffusion.
The students and teacher indiczated that the process of group
modeling was helpful to understand the relationships in the model.
Students then manipulated this wodel online. ZExercises guidad
students to examine and predict the behavior of factors over time
as well as the relationships amorys factors in the model. The
module was summarized by reviewing the STELIA graphs.

After a four month interval, students were reintroduced to
systems instruction through causal loop diagramming, beginning with
single loop structures and progressing to increasingly camplex
mltiple-loop diagrams. These lessons were d&~ in preparation for
causal modeling during discussion of the immme system. The
teacher devoted a montlh: to the immune system. He reviewed
characteristics and functions of cells and proteins, how they
cambat infection, and different types of immmity through
traditional instuctional approaches. Instruction emphasized the
causes of disease, how disease is spread, and the body deferds
against infection. Students learned techniques to isolate and
study the characteristics of bacteria from lab activities. They
also examined the effects of different substances on cuntrolling
the spread of microbes.
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Following this substantive preparation, the teacher quided the

class to construct a causal loop diagram of cellular response to
infection as z means of integrating and extending knowledge of the
immmne sy:stem. The model was constructed in successive steps as
students were prampted to suggest and defend connections among
ractors. Students made predictions about the behavior of the
immerspcrsearﬂtheeffectsofnewcormectimsmvarimsparts
of the system. The model was the first time students were exposed
to a systemic view of cellular response to infection.

Directly related to the immme system was the model of AIDS
which the MIT consultant present:d as a causal loop. The
cansultant ~resented the model and c=nducted a class discussion on
tie spread of AIDS, the model’s structure and camponents, and
policy decisicis related to the disease.

Assessment of systems instruction. Observations and anecdotal

reports indicated 2 high level of student engagement during systems
. instruction. Group modeling as an instructional vehicle challenged
and engaged students to participate in these discussions. During
class discussions students were able to identify important factors

within biological systems, suggesc anc explain ~ause-and-effect
relationships, and predict ontcames. However, results from
transport and immnology tests were disappointing. Stulents
indicated that they were confused by certain questions and that
they needed additiomal instruction in cectain arzas particularly
graphing.

Oamparison with traditional instruction. Although the systems

ardtraditionalteadmusedthesanetact,theydifferedinthe
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amount of time devoted to topics. The systems teacher spent five
weeks on both transport and immmnolouy: the traditional teaciers
devoted three weeks of instruction to each topic. 1nere also were
differences in the mmber and type of activities used to supplement
the text. Diflerences in ped gogical approach were cbserved
althcughthetlmeeteadnrsusedclassdisazssionastheprimxy
method of instruction. One traditional teacher proceeded slowly
and had difficulty with classroom management. The other
tradi*ional teacher used various strategies to pramote student
understanding and retention of information. Through questioning,
visual cues, and analogies, she directed students to connect prior
knowledge .~d new information. Her presentations and discussions
were clear, well organized, and fast-paced. The systems teacher
shared same characteristics of both traditional teachers. His

lessons were organized and he used visual materials effcocively. He
tended to elicit students’ ideas rather {han to suapply resporses.
His class was attentive although the pace of his lessins was slower
and more similar to the first traditional teacher.
Chemistry

The systems approach was used to augment instniction on
reactimsardprovideananalytictooltopr:mtetrﬁnkimarmt

cause-end-effect relationships and behavior change. Although
- reaction rates is not a difficult topic, the teacher ant:icipated
that systems might broaden understanding and provide problem
solving tool that cuwuld be applied to this and other chemical
oxcepts. The selection of reaction rates as a systems module
represented an ideological shift on the part of the teacher. His
92
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initial goal, to examine chemically related social problems (e.qg.

pollution), proved unsatisfactory because the chemistry underlying
the models was too complex. Furthermore, the social problems were
removed from the core curriculum. The teacher therefore sought an
alternate approach to integrate systems instruction into existing
course content. However, identifying appropriate instructional
topics was difficult. Instead he modified instructional activities
developed last year and focused systems instruction on rates of
chemical reactions.

Sequence and organization of systems instruction. Students
were introduced to systems through causal loop diagrams because
models could be constructed from verbal descriptions without the

camplexity of quantification. Students described patterns of
behavior over time and examined connections among variables,
cause-and-effect relationships, interactions, and feedback.

A Three models were introduced: the rate at which dough rises;
reactants and products of the nitrogen cycle; and burmout. The
¢mal was {0 model these processes ard describe the relationships
among factors. Demonstrations, guided discussion, and assigrinents
were used to help students construct causal models.

The topic of reaction rates was introduced with traditional
methods. Students learned to apply formulas to express 2 compare
reaction rates. Mlthough systems models had not yet been
construc:ted, students were exposed to concepts related to system
instinxction. They conGucted experiments and discussed the effects
of altevations in factors such as temperature and concentration on
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reaction rates. They also constructed graphs of lab results to
view changes in reactants and products over time.

During the second week of instruction the teacher qave a
demonstration of modeling a reaction with STELIA. Students then
explored STELIA following a prepared script to construct a chemical
reaction model with predefined connections. This lesson provided
quided exploration of the operation of the Macintosh and STELIA’sS
structural and graphical features. Students worked online for two
weks doreloping and altering reaction models. Models were based
on previous labs, enabling students to apply prior knowledge to
develop hypntheses of expected outcames. Online exercises required
students to construct, alter, and test models with different
parameters, then predict, describe, and explain the behavior. A
finalexerciserequiz‘adstlﬁentstocastnxctmdelstoseeifthey
could apply generic models to novel problems outside of chemistry.

Assessment of systems instruction. The teacher expressed
x;lmdreacuasmwstas instruction. He felt he spent too much

time on reaction rates at the expense of othe™ topics, especially
given that the concept is not critical for high school chemistry.
The topic of rates was selected because it was amenable to the
approach, and therefore offered an opportunity to illustrate how
systems could be applied to instruction in chemistry. However,

- instruction exceeded conventional coverage of this topic due to the

time was needed to provide both traditic.al and systems activities,
particularly student modeling.

Learning STELIA was difficuit for some students. They had
problems understanding how to specify and operate their models both
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mechanically and logically. The reaction rate formula was easier
to apply the operation of STELIA. On the positive side, the
teacher indicated that construction of reaction rate models
facilitated students’ understanding of chemical equilibrium, a
traditionally camplex concept. Stidents understood equilibrium
more readily than they had in the past. Furthermore, understanding
equilibrium assisted students to learn topics such as acids and
bases and solubility of products.

STELIA was generally perceived as a useful supplement to lab
activities. The teacher indicated that although labs were helpful
to develop conceptual understanding, students sametimes were
confused by the procedures and their efforts to find the right
answer. Moreover, labs did not always work due to imprecise
mettads. Thus, the potential benefits of labs were reduced when
students did not see the desired outcames. STELIA could replicate
cbserved lab experiences and simulate other conditions without need

Comparison with traditional instruction. Both the systems and
traditional students covered many of the same chemistry concepts
with different irstructional activities, emphases, and exposure.
Traditional classes emphasized mastery of algorithms in contrast tc
developing models to define rolationships between concepts. Under

typical conditions, the systems and traditional teachers had
smular instructional styl-s. Instruction was moderately paced and
marked by frequent questioning. Both teachers used a lecture-
discussion format and commmnicated in clear, concise terms. ‘They
also used the similar lab activities. For the study of reaction
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rates, the systems teacher departed from his usual approach.
Instead of a using direct instruction, he organized student
activities to pramote inquiry. Students worked cnline for two
weeks. The teacher served as a facilitator rather than an
instructor, respanding to questions and providing help as needed.
Physics

Systems thinking was used to augment several physics units,
including motion, momentum, energy, and electricity. The modules
exposed students to both traditional formulas and the systems
approach. STELIA was used to develop a deeper understanding of
relationships among physical concepts and abserve changes in
behavior over time.

Sequence and organization of s/stems instruction. Parallels

between instruction in physics and GPS were found, particularly the
emphasis on structural modeling. Although causal loops were
introduced b}:iefly, structural diagramming was the primary problem
solving tool. STELIA was introduced with a model of water tank
drainage. The teacher demonstrated how STELIA operated while
discussing the physical relationships displayed in the model.
Students then spent two weeks building structural models of motion.
The introduction of STELIA was facilitated by a mmber of students
who remembered its mechanics from systems chemistry.
"~ Textbook exercises that required mathematical formulas,
provided opportunities to solve problems and campare traditional
and systems solutions. Typically students worked on these problems
for several days then discussed the results. STELIA was used to
model problems illustrating the conservation of momentum. Students
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were introduced to a general muizl of momentum and then given

online problems. Using guided inquiry, the teacher helped students
to focus on important elements in the problem and appropriate
solution processes.

Students spent three days building & camplex model of rocket
propulsion. The teacher reported that students werc able to
construct the model with varying degrees of prampting and
understood the mmerous factors. At the erd of the year, the
teacher returned to the water tank problem. Students conducted a
lab, collected data, drew graphs to illustrate the behavior
cbserved, and then developed structural models. The teacher
summarized their experience, reviewed the logic of the model, and
discussed other ways they might have solved the problem.

Assessment of systems instruction. The teacher was more

satisfied with systems instruction in physics than GPS. Fhysics
students were better able to cope with the applications and

mechanics of modeling. Nevertheless, some of the same difficulties
found in GPS were noted in physics. Students differed in their
need for help and tolerance for ambiquity ‘/ith instruction through
quided inquiry. Same students had problems with the operation of
STELIA. COommon problems involved defining graphs and initializing
values. Same physics students had trouble conceptualizing problems
as diagrams, confusing stocks and flows. Others did not approach
problems analytically, failing to use knowledge of physics to
predict what their structural diagrams should look like. As a
consequance, same students had difficulty interpreting graphs and
alterino their model wased on their understanding of the phenomena.
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The teacher noted that when questioned individually to focus on key
elements of the problem, students respanded appropriately. More
exposure to generic models might be an effective instructional
tool. Moreover, same students might benefit fram explicit
instruction on problem solving strategies including self-regulation
techniques to direct attention to important problem elements. In
contrast, a large proportion of students understood how to use
STELIA. Encouraged by the experience, the physics teacher will
expand his use of the systems thinking approach next year.
Summary

Objectives of instruction. Systems thinking was used to
facilitate understanding of the behavior of scientific phenamena
over time. Teachers expressed dissatisfaction with current

instructional methods, viewing traditional approaches as developing
fragmented knowledge. The approach was used to pramote integrated
knowledge and develop analytic skills. Although the immediate goal
was to 1nprove knowledge acquisiticn, the teachers expected that
skills developed by “he systems approach might generalize to other
disciplines. Thus, systems was used to augment instruction and
teach heretofore difficult topics and concepts.
Approaches to systems instruction. Although the teachers

shared goals and concerns, they differed in their approaches to

Systems instruction. Content differences and cbjectives determined

how the systems approach was applied in the fow.’ courses. For

example, systems was used in biology to synthesize and apply prior

knowledge to broader problems. In contrast, the goal in physics

was to depart from the traditional mathematical approach, reduce
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the emphasis on mastery of camputational fo,mlas, and pramote
understanding and application of concepts underlying these
formulas. The systems thinking approach, used as an analytic
problem solving tool, was seen as a way of achieving that goal.
Pedagogical style and the method by which the systems approach
was applied determined how instruction was organized. In biology,
direct instruction was used to teach causal and structural models.
Modeling was taught through teacher-led discussions, supplemented
by online exercises to explore and manipulate teacher-constructed
models. The other science teachers used inquiry methods to augment
structural modeling. Computers were used as an instructional tool
on which students constructed and manipulated structural models.
Time constraints for instruction and curriculum development
continued to be a concern for the systems teachers. Iast year,
teachers indicated that too much time was spent on systems modules,
at the expense of other topic areas. The chemistry and GPS/physics
teachers cmsequent;._y shortened their systems units. Teachers
needed to attain a balance between implementing the systems
approach ard meeting externally imposed achievement standards.
Time also was a factor in curriculum development. The demands of
teaching in conjunction with development of new curricular
approaches and materials placed heavy demands on teachers’ time.
Effects on teaching and learning. Teachers reported that the

systems approach heightened their awareness of instructional

content and goals. It also provided new opportunities for ongoing

student assessment, particularly because STELIA produces

representations of the processes and products of learning. STELIA
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makes it possible to diagnose conceptual deficiencies and strengths
from the cognitive representations built in the envirorment.

The teachers reported that systems is a promising tool because
it represents a unique approach to science instruction. Of
particular importance is that the approach deemphasizes facts and
algorithms, focusingy instead on the process of understanding how
things work. By constructing and manipulating models, students
develop an intuitive understanding of the systemic and dynamic
nature of phenarena.

Systems thinking is an approach to teaching and learning
activities that is atypical in its emphasis on process rather than
only the products of instruction. The focus on solution process is
likely to be an unfamiliar and antithetical approach, given
pressure for achievement. It is critical that teachers cammmicate
this emphasis to their students and structure instruction to
rginforce the pedagogical perspective. Same students, however,
will need more guidance to deal with the approach because they are
accustamed to selecting rather than generating correct answers.

The systems approach pramotes active participation from
stidents and teachers. Teachers demonstrate the processes and
logic that underlie model building as an analytic tool. They
simulate cognitive approaches to problem solving and demonstrate
modeling as an iterative process. Hypothesize-test-reformulate
sequences force students to refine representations of systemic
phenamena. Thus, the iterative nature of modeling provi =s
feedback that is lacking in much traditional instruction.

100

1]



Implementation also requires a willingness to experiment with
traditional approaches. While all teachers expressed a willingness

to experiment and devoted a substantial amount of time to
curriculum development, there was variation among the teachers in
how systems instruction was implemented. Emphasis was placed on
having students think about the nature of problems by viewing
interrelationships among factors. They were asked to generate
explanations rather than merely identify, define, or campute
solutions. Differences were evident among teachers in the use of
STELIA, the type and complexity of problems presented, and the
mamer in which assistance was provided. The variation appeared to
be attributable to a knowledge of systems theory, camfort with
experimentation, and instructional style. In two cases systems
instruction was implemented as a distinct change in the
organization and function of the classroum. Students spent
considerable time developing and experimeating online with models.
'nmee;éerimmstnx:uuedtoexgagesuﬁentsactivelyin
the tasks while the teacher served as a facilitator, thus,
representing a departure fram traditional student-teacher roles.

In ancther case, systems was applied more traditionally. The
teacher presented systems concepts largely through class
instruction in which he sought to shift students’ thinking through
directed questioning. A fourth teacher was severely impeded in his
ability to implement systems instruction due to lack of familiarity
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