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ABSTRACT

This paper examines the effect of using a systems
thinking approach in existing secondary school curricula to teach
content-specific knowledge as well as general problem solving skills,
and thu effect of using STELLA (Structural Thinki .g Experimental
Learning Laboratory with Animation), a simulation-modeling software
program, as a tool by which to teach systems dynamics and content
knowledge. Subjacts we.e secondary students in three general physics,
four biology, three chemistry, and one history class taught under the
systems approach, and an equal number taught using traditional
methods. Pretests and posttests were used to identify sunjects'
ability, content-specific knowludge, and knowledge of systems
thinking. The results indicated that students in the more advanced
courses (biology and chamistry) performed better on the systems
thinking and computer-based activities. The physical science students
performed well on the mea: urement-related problems, but did less well
on the general problem solving or modelling-oriented exercises.
Accordingly, these students were the least likely to generalize the
systems skills oeyond their cuurse. The results raise questions about
the applicability of the approach for different subjects and groups
of students, and the question of why the impact of the innovation was
more apparent in biology and chemistry must be considered. Seven
tables supplement the text. (10 references) (EW)
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DA ONAL MR O AT N Systems Thinking on Learning and Achievement

Anm document has been reproduced as
received from the person or organization

ongmnating it -
0 Minor changes have been made to improve E.l ien B. Mand inach .
reproduction qualdy Educaticnal Testing Service

© Points of view or opinions statedn this docu-
B counanor potey " The Systems Thinking and Curriculum Inncvatien (STACI)
Project is a multi-year research effort intended to examine
the cognitive demands and consequences of learning from a
“PERMISSION TO REPRODUCE THIS systems thinking approach to instruction and from using
MATERIAL HAS BEEN GRANTED BY simulation-modeling software. The purpese of the study 1s to
Ellen B. Mandinazh test the potentials and effects of using the systems approach
= in existing secondary school curricula to teach content-
specific knowledge as well as general problem solving skills.
The study also examines the effectiveness of using STELLA. 2
TO THE EDUCATIONAL RESOURCES simulation-modeling softwaré program, as a tcol by which to
INFORMATION CENTER (ERIC).” teach system dynamics and content knowledge. The research
focuses on the learning cutcomes and transfer that result
from using such an apprecach and sofiware in classroom
settings. Comparisons are drawn be tween traditionally taught
courses and those using the systems approach to discern the
treatment’s impact on learning, teaching, and instructicnal
activities.

Curriculum innovations are never easy to implement nor are
they easy to examine systematically. The introduction of
microcompruaters intc classrooms has generated a myriad of such
innovations. While teachers siruggle to contend with technological
advances and their potential implicaticons for instructional and
classroom procedures, researchers attempt to document the
cognitive, affective, and sccial effects of the i1nnovations. Both
practitioners and researchers are trying toc keep pace with and
identify ways of functioming effectively within the technological
revolution. Teachers may adopt a new piece of software or
pedagogical approach if the potential paycff seems worthwhile,
whereas researchers mav seize the opportunity to study the
innevation even if the instructional machinery is not yet in place.
A delicate balance must be struck, with teachers and researchers
working toward a mutual understanding of the factors, constraints,
and perspectives under which ths other must function ‘Mandinach &
Thorpe, 1987b). The STACI Project, which examines the impact cf
one such curriculum i1nnevation on learning ocutcomess 1s based on
systems thinking, an intellectual problem solving tocol.

ED297718

Systems Thinkiing

Systems thinking »s a scientific analysis techmque given
prominence bv Jay Forrester and his colleagues at the Massachuseits
Institute of Technology. Work on computer modeling of systems
thinking started over 30 years ago. Early models focused on
urban growth and development and global patterns of the consumpticn
of natural resources. In recent years appreciation has developed
particularly for the heuristic value of systems thinking. The
creation and manipulation of models is increasingly recognized as a
potentially powerful teaching technique.
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Simulation-Mcdeling

The field of system dynami.s provides 3 means to understand
the behavior of Lomplex phenomena cver time. It 1s based an the
concepts: (a) variables that characterize a system and change cver
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 cther variables.
Simulation models, simplified representations of real-world systems
over hypothetical time, are used to examine the structure of
systems. Using simulation software, characteristics of selected
variables can be altered and their effects on other variables and
the entire system assessed. Thus. system dynamics focuses on the
connections among the elements of the system and provides a me:ns
to understand how the elements contribute to the whole (Roberts.
Andersen, Deal, Garet, & Shaffer, 1983).

Until recently. the instructional use of systems thinkirig was
constrained tc envircnments that had powerful mainframe computers.
The advent of a new software proeduct, STELLA (Structural Thinking
Experimental Learning Laboratnry with Animation; Richmond, 1983).
has made it possible to operatiunalize these concepts on a
microcomputer. STELLA capitalizes on the graphics and icon
technology of the Macintosh microcomputer 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, STELLA facilitates the
creation and manipulation of complex models of system phenomena.

STELLA facilitates student introductions to the analytic and
problem solving perspectives inherent in systems thinking. Hence.
modeling now can be incorporated i1nto science education at the
secondary level. Recently the Mathematical Sciences Education
Board (1987) recommended that mcdeling become a major emphasis in
mathematics and science education (Mational Science Ecard
Commission en Precollege Education in Mathematics, Science. and
Technology. 1983). Because the costs of the Macintosh and STELLA
now are a’fordable for many secondary schoolss 1t is possible to
imslemeitt the Board’s recommendation on a wide-scale basis.

STACL

A research project designed to examine the cagnitive and
curricular impact of using systems thinking and 5TELLA in secondary
school science and social studies courses is nearing campletion.
The project is a two-year research project conducted by Educaticnal
Testing Service under the auspices of the Educational Technclogy
Center at the Harvard Graduate Schoel of Education. STACI. which
15 now in its second year, examir2s the cognitive demands and
consequences of learning from a systems thinking approach to
instruction and from using simulation modeling software /see
Mandinach & Thorpe, 1987a, 1987b).

The purpose of the study 1s to test the potentials and effects
of using the systems appreoach in existing secondary school
curricula to teach content-specific knowledge as well as general
problem solving skills. The study also examines the effectiveness

e
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of using STELLA as a tcol by which to teach systems thinl tng.
content knowledge, and problem sclving skills. The research
focuses on (a) the learning outcomes and transfer that result from
using such an approach and software in classrcom settings, ard (b
the organizational impact of the curvriculum i1nnovation.

Desian
The study is being conducted at Brattleboro Unicn High School

(BUHS), Brattleboro, Vermont. BUHS serves a rural five-town
district in southeastern Vermont whose population is approvimately
20,000, The school has roughly 1,600 studentse and a faculty of 80
teachers. Four teachers comprise the core of the systems group at
BUHS., All were trained by experts tc use the systems approach and
integrated this perspective intc their courses.

In the first year of the project, systems thinling was
integrated into three general physical science, four biclagy, and
three chemistry classes. An egquivalent number of traditicnal
(control) courses were taught concurrently by other members cof the
faculty. An experimental history course entitled War and
Revolution alsoc was taught with the systems apprcach. Table 1
presents the enrollment figures for the classes participating in
the study during the 1986-1987 academic year.

Data Collection

Several types of instruments were used to assess cutcomes 11
various stages of the research. These instruments included
pretest, in-class, and posttnst measures, which were used to assecs
ability, content-specific tnowledge. systems thinking, and highaq-
order thinking skills (inciuding general problem solving.
metacognition, and self-regulation).

Pretests were used to assess subjects’ ability, content-
specific knowledge, and knowledge of systems thinking. Erizting
instruments were used or medifieds and cther tests developed where
needed. BUHS supplied the students’ most recent standardi:ed
achievement test scores. The California Achievement Tests (CAT)
served as rough estimates of general ability. ETS alsc
administered a small battery of tests, including the Advanced
Progressive Matrices (APM) (Raven, 1958, 1942). to provide ancthar
index of general ability. Other measures related tc siills
hypothesized as important concepts underlying systems thinking were
given. These included inductive and deductive reasoning. figural
analogies, and understanding relationships.

Mudified versions of previcus final evaminations were
administered to both the systems and traditicnal classes. The
general physical science, biclcgy (GFS), and chemistry teacheyvs
took last year’s tests, identified critical, yet basic cancepts.
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. An initial assessment of
systems cthinking skills also was administered early in the semester
to serve as a baseline for the experimental classes.

3
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Teachers administered content-specific tests and exercices 1in
their courses throughout the academic year. These eraminaticns and
exercises were roughly comparable in their subject-matter coversage.
The teachers alsc prepared and gave common final examinaticns to
their classes. Because traditional and systems thinking classes
within a subject area received the same test, we were able to
compare differences in content knowledge that resulted from using
the systems approach.

ETS developed an instrument that was used to assess knowledge
of systems thinking and STELLA. The instrument contained 76 items
of increasing difficulty that measured a broad spectrum of stilils
along a continuum ranging from elementary concepts to complex
modeling skills., Measuras of systems thinking focused on concepts
such as knowledge of graphing, equations, variation and variables,
cavsation and causality, feedback, looping constructs, modeling,
and STELLA. This test was administered at the end of the year tco
only %2 systems thinking classes.

Results

The curricula. An integrative approach is used in the science
coursesy where the classes cover the same body of knowledge taught
in traditional science curricula, but discussions of selected
concepts and topics are supplemented with a systems thinking
perspective. In these courses, students are learning concepts
underlying model development and have an opportunity to experiment
with existing models using STELLA. The mcdeling activities
genec-ally take two forms. Depending on the course. students are
(a) required to develop their own models of scientific phencmena,
or «b) are given existing models and are asked to alter particular
parameters to examine the subsequent effects on the entire systenm.

These two distinct approaches to modeling are likely to
produce different cognitive outcomes in terms of content knowledge
and general problem solving skills. Although results are only
preliminary at this time, there are indications that the
manipulation of parameters in an existing model may promcte
scientific inquiry skills (e.qg., understanding of causality and
variation), and may directly influence the acquisiticr. of content
knowledge. In contrast, model building may be less explicitly
related to the acquisition of content knowledge. vet may promcte
more general problem solving skills.

Teaching and learaing cutcomes. Although data collection 11
the project’s first year was exploratory, several trends emerged
from the instrumentaticn and observations. First, each of the
science teachers adapted the systems approach to their courses 1in
different ways, reflective of the particular content areas.

In GPS, the teacher introduced systems with graphing cause-
and-effect relationships and simple arrow diagrams within the
context of several topic areas (e.g., motion, magnetism). The
concept of modeling was a recurrent theme throughout the ccurse,

4
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with simple mathematical mcdels developed to 1llustrate nuasbiers or
concepts.

Biology seemed tc lend 1tself most readily to a systems
approach. Because interrelaticnships among living systems 1s a bey
concept 1n biclogys a number of relevant examples were i1dentified
to which systems thinking was applied. Students were introduced to
the fundamental principles of systems, modeling. feedback, and
causality. Modeling was integrated throughout the course, with
presentations of models on topics such as cxygen producticn.
metabolismy and population.

Chemistry was a more difficult course inteo which systems could
be integrated. The teacher found the most appropriate chemical
topics (e.g., relations among rates, time, and levels) and focused
the approach there. Students were guided to develap csystems mcdels
forr chemical reactions. Structural diagrams and mcdels provided
instructional tocls not only to illustrate the functions of and
relationships among certain variables, but to hypothesice and then
test changes in behavior of these variables over time. under
different conditions. From these guided inquiry erperiences, 2
generic understanding of the behavicr of a set of interacting
variables was developed.

These curricular differences made compar:sons difficult, but
enabled us to discern patterns of learning cutcomes attributable to
instructional foci. A developmental pattern emerged across the
courses,; with chemistry classes performing better than the biolcgy
students, followed by *the GPS classes. The GPS teacher focused on
measurement and graphing, concepts that underlie systems thiniing
at the most basic levzl. Consequently, these students were able t«o
apply elementary systems principles, but were unable to develop
models i1ndependently because they had not been sufficiently e-posed
to modeling. Parenthetically, observations of the GPS systems
units used in the second year indicate that there i1s much greater
emphasis on modeling and its practical application to phvysical
phenomena. The teacher now is requiring students to develop
elementary models of phenomena and solve problems using medeling.

In the first year, the biclogy teacher fccused on mcdel
development, while the chemistry teacher emphasized the acquisition
of content knowledge through the manipulaticn of modeling
parameters. Student performance reflected these emphases. Theat
is, the chemistry students were able to use modeling and the
systems approach as problem solving tcols for chemical and relzted
problems. The biology students were adept at understanding the
components of mcdels, but were less able to apply the systems
approach as a problem solving tocl withinm the content area.

Results indicated that students were able to acquire Incwledge
of systems thinking concepts and apply them to scientific problems
at varying levels of complexity and sophistication. However,
because the curricula were not sufficiertly developed, we are
unable to make definitive statemencs at this time about the impact

S
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of the systems approach on the acquisition of content |nowledge. A
mcre thorough implementation of the curriculum currently 1s 1n
progress. Thus. the second year testing will more systematically
examine the impact of the curriculum differences cn acquisition oY
content knowledge and general problem sclving skills.

Systems Thinking Instrument (STI). The remainder of this
paper will focus on the grimary instrument by which knocwledge
acquisition in systems thinking was assessed. The rationale for
and content of the instrument will be described first. Results
from the first year administration then will be presented.

The STI consisted of 76 items that were intended to assess a
range of skills thought to underlie systems thinking. A raticnal
task analysis yielded 10 skills which then were made intc subscales
of varying lengths. Table 2 presents the alpha reliabilities for
thocse scales. The 76 items on the total test yielded an alpha of
.99, indicating that the test was extremely consistent acrass 1tems
and subscales.

The understanding of basic graphing concepts {(e.g., labeling
and scaling axes, coordinates) comprised the first subscale. Two
other subscales focused on graphing skills. A first required the
interpretation of graphs. That is, students were asked to
interpret a graph and provide a verbal description. The second
subscale required translation. That is, students were asked to
take a verbal description of 2 problem and translate it intoc A
graphical representation.

Two other scales focused on mathematical skills that relate to
systems thinking. It was assumed that in order for students to
become adept at using the STELLA software, they shcould have a2 basic
understanding of how to solve simple equaticns. The second =cale
focused on students’ understanding of graphical functions.

Students were asked to write functions, find slopes, and graph
functions. ’

Three scales were designed to assess knowledge of concepts
that are critical in systems thinking. The first focused on
variables. These items required students to differentiate between
dependent and independent variables, place them on the apprapriate
axesy and interpret the graphs’ meaning. Three items then targeted
the notion of causality. Here students were asked tc complete a
causal relationship and a causal diagram. Defining causality le-ds
directly intc the concept of locping. Five i1tems required that
students either interpret or construct a causal locop diagram.

The final twc scales measured sbills and tncwledge unique to
systems thinking, STELLA, and mcdeling. The first consisted of
simple identification items. 0One set of identification questions
required students to determine if a variable was a stcck (level) or
a flow (rate), then define its unit of measure. A second set of
identification items asked students to identify parts of a
structural diagram (e.y., stock, connector, flow, ccnverter). The
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final subscale focused on the constructicn and i1nterpretation of
systems models of varying complexity. At one end of the continuum.
students were asled to tale a simple model and i1dentify how certain
variables affect cother variables. At the other end cof the
continuum, students were asked tc take a verbal descripticn of a
oroblem, construct a model, and then interpret that mcdel.

There was a rationale for constructing such a diverse test.
First, we wanted to examine how the 1tems performed and how they
related to what the students had encountered in class. That 1s, we
needed to construct an instrument that would be both reliable and
valid with respect to their classrocm experiences with systems
thinking. Performance on such an test would inform ETS and the
PUHS teachers in terms of students” learning cutcomes and cognitive
processings as well as for revisions of future instrumentation,

Second, and most importantly, we wanted the instrumert to be
reflective of and sensitive to differences in the syotems curricula
across the subject areas. As documented elsewhere (Manainach &
Thorpe, 1987c), the teachers introduced systems concepts to their
classes differently. That 1s, they fccused on particular cuncepts
of varying difficulty and integrated them into their courses with
different degiees of intensity. For example, the GFS classes
sti-essed measurement concepts, but did not spend much time ow
modeling. The biolegy classes canstructed some models, «heress the
chemistry classes were given models and asked to mod:{y them. The
War and Revclution seminar achieved a high level or sophistication
with systems thinking, mcdelings and STELLA. Thus,s the instrument
should yield ranges of performance within the ccurses arcund
concepts that were either stresced or briefly described. The STI
was constructed to provide information about these ranges that
weuld be reflective of the curricular differences. Analyses of
performance i1n the project’s second year will focus on Lhe range of
differences related to instructicnal emphases.

Table 3 presents tha intercorrelations among the STI's 14
subscales. All correlations were found to be significant at the p
.001 level, Several relationships should be noted. First, the

correlations among the graphing scales were quite strong.
forrespondingly, interpretation and translation of graphs were
related strongly and positively to the understandirg of looping and
causality. Performance on the two mathematically criented scales
{equations and graphing) were strongly related. Understanding the
basic concepts of systems thinking (the Systems Identificaticn
scale) was strongly related to perfo~mance on the Graphing
Translation, Causality, and Loops scales.

Interestingly, the Syscems Identificaticrs 1tems were least
related to performance on the Variables scale. which chowad the
lowest correlations with the other scales. As expected, the two
systems scales showed the strongest relationship of all the
intercorrelations on the instrument, r(177) = .72, g .001. Also
as hypothesized, many of the subskills that underlie model
construction were related to the Systems Interpretation scale.

7
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Ferformance on both of the complex graphing scales (Interpretaticon.
£(177) = .51y p < .001 and Translation, r(177) = 86, p © .001),
Causality, £(177) = .55, p -~ .001, Loops, £(177) = .61, p  .0OG1,
and Mathematical Graphing, C(177) = .41y p ¥ .001 correlated with
students” ability tc construct, interpret, and manipulate mcdels.

Table 4 presents the descriptive statistics for the 10
subscales. These data are further broken down by course in Tatle
5. Although these tables present the raw scores, subscale- and
item~-level data discussed in the text are reported in terms of
percent correct in order to aid interpretability.

On all three of the graphing subscales (Graphing. Graphing
Interpretation, and Graphing Translation) developmental trends
across courses were noted. Students in LGPS generally scored the
lowest, followed by bioclogys then chemistry. A ceiling effect was
found for the War and Revolution students. They obtained a parfect
score on the Graphing subscale and nearly perfect scores on
Interpretation and Translation. In contrast, the GFS students
cbtained only 57, 35 and 34 percent correct on those scales.

More indepth analyses indicated particular problem areas
experienced by the students. On the Graphing scale, tha GFS
students did net understand the (%, y) convention of defining
poeints within a coordinate system. This deficit led toc poor
performance on items that required graphing paints and defining
axes. It also led to confusions when they were asred te tranclate
or interpret graphical problems.

Dther weaknesses of the GPS students were notec on the
Mathematical Equations and Mathematical Graphing scales. 0On the
latter scaley these students showed no understanding of functicns.
They were unable te graph functions, determine slcpes, or write 3
function when given a graphical representation. It is possible
that freshmen-level mathematics courses had not covered these
concepts. The GFS students achieved only B percent correct on thas
suhecale; 1n contrast to 30 percent for bioclogy, 53 percent for
chemistry, and 100 percent for War and Revolution. The GFS
students performed only slightly better on the Mathematical
Equations scale (M = .17). They esxperienced substantial difficulty
in solving simple mathematical equaticns. In contrast, the biclogy
students achieved 67 percent corrects chemistry had 76 percent, and
War and Revalution gained 98 percent correct.

A different pattern of performance was noted on the Variable
subscale. Heres the GPS students (M = .41) outperfoirmed those 1n
brelegy (M = .31). Chemistry students achieved S8 percent corvect,
whereas War and Revolution cbtained 86 percent. Examination of the
biclogy students’® responses indicated that they did not understand
the difference between independent and dependent variables nor
could they provide a rationale for how they defined the sets cof
variables. They alsc did not know how to graph the variables
(i.e.s on which axes were the independent variables and dependent
variables to be placed).

8
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Yet on the two scales more dirfectly related to variaticon and
causality (Causality and Locp), the developmental pregressicon
across classes reappeared. The items in the Causality scale
required students to complete a causal statement {(e.g., Amcunt of
studying causes .)y then make the causal loop. GPS students
completed the statements, but had trouble with the smple causal
loops, obtaining only 31 percent correct. Th:s 1s 1n contrast to
98 percent for biology, 65 percent for chemistry, and 98 percent
for War and Revolution. Completion of more complex causal leops
were required within the Lucop scale. Ferformance on this scale was
sl°ghtly lower but analogous to the Causality scale (Maoes = .27:
t‘pioloqy = -57; H_ch.m;.g,-y = .62; and ﬂug.n = 97Y, The GFS
students experienced particular difficulty in translating a siample
verbal description into a loop diagram. These results reflect the
small amount of expcsure the GFS students were given to locps.

On the cscale that tested basic knowledge of systems th:inking
and STELLA, Systems Indentifications, there were several netable
trerds. Again there was a ceiling effect for the War and
Revolution class (M = .94), particularly on the items tha. regquired
identification of parts of a model (e.g., connectors, converters.
flowsy stocks). The GFS students (M = .42) had scme trouble with
the units of measure items as well as those that dealt with the
parts of a model. Overall performance was roughly equivalent for
the biology (M = .35) and chemistry (M = .59) classes. Houwever,
closer examination indicated that the chemistry students were mcre
adept at the units of measure and variable i1temss whereas the
biology students performed better on the structural modeling
identifications. These performance trends were reflective of
curricular emphases in the given courses.

A similar performance pattern was found for the Systems
Thinking scale, where the focus was on mcodeling and interpretation
of medels. Given that the GFS students had little exwposure to
these complex concepts, they achieved cnly 19 percent correct.
They at least made somz attempt to interpret the models given to
them, but had slightly more difficulty constructing their cun
models. The biolcgy (M = .33) and chemistry (M = .395) classes
again performed similarly, whereas the War and Revolution seminar
did extremely well (M = .86). These trends alsc were e:pected,
given the structure of courses and how systems thinting was
integrated into them.

What is striting about the Systems Thinking cscale is thst
every i1tem on the subscale exhibited the same performance truend
aciross courses. These items emphasized various forms of
representaticns (1.e.. structural diagrams, verial descriptions of
problems or models) and required students tc apply their biowledge
of systems thinking in the form of model interpretation or
construction. In all cases, tha War and Revolution seminar either
achieved or approached a perfect score. These scores were well
above any of the science classes. ‘ihe GPS students achieved the

9
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lowest scores, whereas the biclegy and chemistry classes performed
similarly and between the two eutremes.

Relationships among ability, achievement, content, and systems
thinking tests. Analyses were conducted to see if geweral abil:ity

affected the pattern of correlations among content and systems
thinking test performances within subject area. Table 6 presents
the first-order correlations for the chemistry classes. As
expected, the pre- and posttests of chemistry were related, r{54) =
.33, p { .0l. Fosttest performance also was related te the systems
thinking instrument, r(54) = .33, p < .0l. However, when
partialling out the APM, no change in correlations was noted (Table
4). A different pattern emcrged in the biology classes. The
relationship between the biology pretest and performance on the
systems thinking instrument was quite strong, r(65) = .56, p -
.001. This magnitude of the correlation increased when APM scores
were partialled out, r(é64) = .62, g ¢ .001. Clearly, general
ability was a tactoer, to some degree, i1n the biology classes.

A third pattern was noted in the GPS classes, 1n which
performance on the content pretest was not related to the systems
instrument, r(34) = .25, nc. Yet the systems test was related to
both the GPS posttest, r(34) = .43, g 7 .01, and to the APM, r(34;
= .47, p ¢ .01. When the APM was partialled out, the relationship
between GPS and systems performance decreased, r(33) = .32, p .
.09.

The relationship between the STI and CAT also were examined.
These results are reported in Table 7. Achievement, as measured by
the CAT, was related to performance on the STI. N~t surprisingly,
the reading subscale was most strongly related to the Graphing
Interpretation (r(119) = .58, p 7 .001) and Translation (r(1i9) =
.91y p € .001) subscales. These two scales required the mest use
of verbal skills. A similar trend was found for the language scale
(Graphing Interpretation, r(120) = .33, p ¥ .0013 Graphing
Translation, r(120) = .51, p ¢ .001). Performance on the reading
(r(i119) = .53, g < .001) and language r(ie2) = .56, g < .001) was
strongly related to the total STI score. Both the math-oriented
subscales (Egquations, r(121) = .45, p < .001, and Graphing, rf{1et)
= ,33, p ¢ .001) showed strong, positive carrelations with CAT
mathematics performance. Additionally, Graphing Interpretation
(p{iel) = .47, g { .001) and Translation (r«i21) = .50, p < .00O1)
as well as tetal STI score (r(t2i) = .52, p { .001) were related
to the CAT mathematics scale. Most of the 371 subscales showed
strong correlations with the CAT total score. Particularly strang
were Graphing Interpretations. Graphing Translation, and
Mathematical Graphing. The two total test scores were the mos
strongly related (- (117) = .60, p < .CO1) of all the correlations.
Interestingly. the weakest relationship was between Systems
Identifications across all of tho CAT subscales.

Conclusions and Educational Implicaticns
The data reported here are from the first year of the project.
Thus, the focus is on the curriculum’s impact on learning and
10
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teaching activities, rather than transfer. The impact of the
curriculum innovation was apparent across the systems clascse=.

Both teachers and students differed 11 the ertent toc which they
used the systems approach effectively. Teachers carefully selected
parts of their courses that were amenable to systems thinking.
Extensive integration of systems and STELLA was accomplished in
biology, the most natural fit fer the apprecach. Systems thirking
was integrated into GPS primarily in terms of measurement. Seversal
complex systems models (e.g.» pollution. reaction rates) were
introduced in chemistry to illustrate the apprcach’s applicability.
Thus, students received different amounts and types of exposure to
the approach across content areas.

Results indicated that students in the more advanced courses
performed better on the systems thinking and computer-based
activities. Chemistry students became mast readily facile with the
simulation-modeling software and drew direct applications tao
problems within the course. Biolegy students, who received the
most extensive exposure to the systems apprcach, performed well
when tested directly on the concepts and use of STELLA. but were
less able to translate their knowledge and skills cutside of
biclogy to more general problems. This finding is mest likely due
to the teacher’s emphasis cn explicit examples within biclegys not
the applications of systems more generally. The ohysical science
students’® performance alse reflected their teacher’s emphasis on
measurement concepts underlying systems thinking., T .2se students
oerformed well on measurement-related problems, but did less well
on general problem sclving or modeling-oriented exercises.
Accordingly, these studernts were the least lilely to generalize the
systems skills beyond their course.

Alsco of i1mport.nce are treatment differences repcrted
elsewhere (Mandinach & Thorpe, 1987d). Differences 1n content
performance emerged as courses became more advanced. There were no
initial differences between systems and control classes 1n their
knowledge of physical science, biclegy, or chemistry, as evidenced
by tesc¢s administered in September. However. by June. results
indicated that the systems apprcach was related to both qualitative
and quantitative performance differences on specific items on the
final exams. These items can be linked to curriculum medules
tavght with the systems approach. No differences were found
between groups in physical science. Students 1n systems biclogy
and chemistry performed better on items related to concepts taught
with the systems approcach. They alsc approached the problems in
qualitatively different ways. ‘lorecver. the systems students
performed better on transfer tasks of general problem solving that
related to skills and concepts underlying systems thinling.

The results raise questicnas aoocut the applicability of the
approach for different subjects and group= of students. We need to
explore why the impact of the innovaticn was more apparent in
biclogy and chesistry. Several explanations are possible. First
and perhaps most likely was the type of exposure given to the
physical science students and the naturalness of the approach’s fit
il
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to the curriculum. A second hypotihesis 1s that developmental
differences mediated the results. Perhaps frechmen are not
developmentally ready to profit from an instructicnal approach that
ewphasizes higher-order thinling skills. Ancther possbile
explanation currently under examination is ability differences and
subsequent self-selection 1n*~ mcre advanced science courcses.

Although the results truan the project’s first year are only
preliminary, we have chserved significant developments at BUHS as a
result of the curricr.um innovation. Many of the changes that we
can report with conf denca affect the teachers, curriculum. and the
schoel as an organization. There ig no doubt that the infusion of
the systems thinking appr>ach into the science classes has changed
many of the teacher’s instructional strategies and procedures by
which to present traditional science concepts. Given the engoing
nature of the curriculum develcpment effort, 1t 1s likely that
changes will continue to cccur as teachers revise and implement
their curriculum modules. HFowever, due to the develcping nature of
the curriculum, it is premature to discuss the learning cutcomes
data as anything more than exploratory at this time.

In conclusions results from the project’s first year indicated
that the systems thinking approach and STELLA affected learning Anrd
teaching activites in the content areas as well as in general
problem solving. The focus of next year’s data ccllection will be
to trace the differential performance of students who were exposed
to systems and traditional classes as they take their next science
courses. This will enable us to assess transfer across content
areas as students become exposed to more courses taught with the
curriculum innovation. In general, initial results are promising.
The curriculum innovation appears to affect learning and teaching
activities in poesitive ways. Further anslyses and data collection
Will help to elucidate these findings.

13
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Table 1

Simulaticn-Mcdeling

Classes and Enrollment Figures - 1986-19R87

Llass Systems _Thinking Traditional
Classes Students Classes Students

General Fhysical Science 3 40(11) 3 57(
Riclogy

Teacher 1 4 68(146) 2 3212y

Teacher 2 2 29(10)

4 68(16) 4 61(22)

Chemistry 3 57¢( 3 63( 4)
TOTAL 10 165(30) 10 181(29)
War _and Revoluticn 1 7¢ 0

Note:

The numbers 1in parentheses indicate the students for whom

parental consent was either denied or could not be cbtained.

Table 2

Reliabilities for the Systems Thinking Instrument Subscales

Subscale Items Alpha
Graphing 7 .91
Graph Interpretation 7 .72
Variables 4 .52
Graph Translation 7 .68
Causality 3 .92
Loops 9 .86
Math Equations 3 .67
Math Graphing 5] .87
‘Systems ID’s 25 .52
Systems Interpretation 10 87
Total Test 76 .99

Note, n = 179,

15
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Table 3

Simulaticon-Modeling 4

Intercorrelaticns of Systems Thinking Instrument Subs.-.es

6 6I v 6T C L ME MG SI

Graphing
Graph Interpretation 37
Variables .39 .44
Graph Translation .93 .62 .40
Cavsality 40 .56 .33 .94
Loops 43 .64 .33 .39 .61
Math Equations 49 .51 .27 .46 .53 .42
Math Graghina 40 .44 .37 .53 .48 .42 .51
Systems ID’s .32 .43 .28 .50 .54 .62 .3B .39
Systems Interpretation .34 .51 .32 .56 .55 .61 .42 .51 .72
Note. n = 179.

All correlations, p = .001.

Table &4

Descriptive Statistics for the Systems Thinking Instrument Scales

Subscale Maximum Score il S.D.
Graphing 13 8.94 2.7t
Graph Interpretation 20 10.99 S.10
Variables 12 5.30 3.84
Graph Translation 24 11.63 6.09 B
Causality 9 4.92 2.61
Loops ee 11.54 6.54
Math Equations 6 3.75 2.04
Math Graphing 8 2.79 3.21
Systems 1ID’s ] 13.63 7.20
Systems Interpretaticn 46 14.90 10.7
Total Test 76 88.36 37.71

MNote, n = {79.




Simulaticn-Modeling

Table S
Course Breatdowns for the Systems Thinking Instrument Scales

Subscale GPS Biclogy Chemistry War & Fev.
M S8.D. M 8.D. M S.D. M 8.0.

Graphing 7.39 3.10 8.44 2.31 i0.46 1.80 12.00 1.00
Graph Inter. 7.00 3.98 10.43 4.50 13.89 3.76 19.57 1.34
Variables 4.91 3.82 3.70 2.80 6.98 3.95 10.2°9 2.79
Graph Trans. 8.09 4.12 11.33 S5.10 13.64 5.35 21.86 1.07
Cousality 2.76 2.36 5.e0 2.13 S.87 2.04 8.86 0©.38
Locps 5.98 4.78 12.51 $.46 13.68 4.19 21.29 0.95
Math Eq. 2.04 2.36 4,00 1.S2 4.57 1.51 5.86 (.38
Math Graph. 0.63 1.72 2.40 3.05 4.27 3.78 8.00 0,00
Systems ID’s 10,39 6.52 13.81 7.09 14.82 4.84 23.57 1.62
Systems Inter. 8.96 7.79 15.27 9.51 16.23 9.84 3%9.71 6.50
Total Test £8.19 29.81 87.10 29.21 114.41 29.96 171,00 9,80

Note. nNers = 46. fmicilogy = 70: Dchemimtry = 90. Dwer = 7.
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Table 6

Simulation~Modeling

First-Order and Fartial Cerrelaticns Within Subject Area

Firgst-Order Correlaticns

Partialling Out AFM

Pretest Paosttest APM Pretest Posttest
Chemistry (n = 54)
Systems .18 35 .12 .18 .35°"
Pretest .33%  -.00 .33
Fosttest 04
Biclogy (n = &7)
Systems - atatd LHOmEm 43 n. - Y =iatated 39"
Pretest 32" -.00 .32 "
Posttest .11
GFS _(n = 3b6) .
Systems .23 43" 47" 24 . 32"
Pretest LH0%e* 08 - IYCD Bafated
Posttest . 36"
Note. =* p « .05. == p 7 .0i. == p ~ 001,
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Table 7
Cavrelations Between Achievement and Systems Performance

Reading Language Mathematics Total

Graphing .40 .47 41 .49
Graph Interpretation .08 .53 .47 .59
Variables .39 45 .38 T
Graph Translation .91 .91 .90 .57
Causality .38 .39 4e .45
Loops .34 .35 .33 .39
Math Equaticons .23%" .29 L45 .39
Math Braphing .47 .01 .93 .56
Systems ID’s 26" 20" .27 .27
Systems Interpretaticon .36 .40 .31 .39
Tatal Score .53 .Sh .52

*p < .05. **p 7 .01. All other correlaticnss p  .001.
Nreading = 12]1. Nianguage = 122. fmatnematices = 123.

Note. Chemistry and biocicgy classes anly.

Neotar = 119.
|
|
|
|
|
|
|
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