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Abstract

This study examined the role of different goal-setting instructional interventions in facilitating

high school students' regulation of their conceptual understanding of ecological systems while

using a Web-based water quality simulation environment. Building on Winne and colleagues'

information processing theory of SRL, we examined 1) students' self-regulation, 2) co-

regulation, and 3) the role of the teacher as an external regulator during a knowledge

construction activity. Sixteen 1 1th and 12th grade high school students were randomly assigned to

one of two goal-setting instructional conditions (teacher-set goals [TSG] and learner-generated

sub-goals [LGSG]) and used River Webs"' collaboratively, during a three-week curriculum on

environmental science. The students' emerging understanding was assessed using their pretest

and posttest scores, and was also assessed through an analysis of their discourse during several

collaborative problem-solving episodes. The LGSG condition facilitated a shift in students'

mental models significantly more than did the TSG condition. Students in the LGSG condition

were also much better at regulating and co-regulating their learning during the knowledge

construction activity than were TSG students. In general, they planned and monitored their

learning more efficiently by creating sub-goals, activating prior knowledge, and engaging in

adaptive help-seeking. They also used more effective learning strategies and were more effective

in handling task difficulties and demands than was the TSG group. Our results provide a valuable

initial characterization of the complexity of self- and co-regulated learning in a complex,

dynamic technology-enhanced student-centered classroom. We discuss our findings in terms of

expanding existing conceptualizations of SRL, co-regulation, and the role of teachers and peers

as external regulating agents. We will discuss how the results will be used to inform the design

of new system features to support SRL and co-regulated learning.
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Introduction
Active learners who efficiently manage their own learning in many different ways are

termed self-regulated learners (Boekaerts, Pintrich, & Zeidner, 2000; Paris & Paris, 2001;
Winne, 1998, 2001; Winne & Perry, 2000; Schunk & Zimmerman, 1994; Zimmerman, 2002;
Zimmerman & Schunk, 2001). Students are self-regulated to the degree that they are cognitively,
motivationally, and behaviorally active participants in their learning process (Zimmerman,
1986). These students generate the thoughts, feelings, and actions necessary to attain their
learning goals. Self-regulated learning is an active constructive process whereby learners set
goals for their learning and then attempt to plan, monitor, regulate, and control their cognition,
motivation, behavior, and context (Pintrich, 2000; Zimmerman, 2002). Models of self-regulation
describe a recursive cycle of cognitive activities central to learning and knowledge construction
activities (e.g., Pintrich, 2000; Schunk, 2001; Wirme, 2001; Winne & Hadwin, 1998;
Zimmerman, 2000, 2002). In our research, the knowledge construction activity is using a Web-
based simulation environment that includes multiple representations of scientific data designed
to allow high school students to learn about ecological systems.

In general, models of SRL share certain basic assumptions about learning and regulation,
despite the fact that each model proposes different constructs and mechanisms (for recent
reviews see Boekaerts, Pintrich, & Zeidner, 2000; Schunk and Zimmerman, 2001). Pintrich
(2000) has recently summarized five assumptions shared by all SRL models. One assumption,
derived from the cognitive perspective of learning, is that learners are active, constructive
participants in the learning process. Learners construct their own meanings, goals, and strategies
from the information available from both the internal (i.e., cognitive system) and the external
(i.e., context) environment. A second assumption is based on the idea that learners are capable of
monitoring, controlling, and regulating aspects of their own cognition, motivation, behavior, and
context (e.g., the learning environment). Third, biological, developmental, contextual, and
individual constraints can impede or interfere with a learner's ability to monitor or control his or
her cognition, motivation, behavior, or context. Fourth, all models assume that there is a goal,
criterion, or standard against which the learner makes comparisons in order to assess whether the
process should continue or if some type of change (e.g., in strategies) is necessary. In a learning
situation, a learner sets goals or standards to strive for in his or her learning, monitors progress
toward these goals, and then adapts and regulates cognition, motivation, behavior, and context to
reach the goals. Fifth, self-regulatory activities are mediators between personal and contextual
characteristics and actual achievement or performance. In other words, it is not just the learner's
cultural, demographic, or personality features that influence achievement and learning directly,
or only contextual characteristics of the classroom that shape achievement, but it is the learner's
self-regulation of his or her cognition, motivation, and behavior that mediates these relationships.

In addition to these critical defining features, models of self-regulated learning typically
propose four phases of self-regulated learning (Pintrich, 2000; Zimmerman, 2000). The first
phase includes planning and goal setting (Pintrich, 2000; Zimmerman, 2001), activation of
perceptions and knowledge of the task (Winne 2001; Winne & Hadwin, 1998), and the self in
relationship to the task (Pintrich, 2000; Zimmerman, 2001). The second phase includes various
monitoring processes that represent metacognitive awareness of different aspects of the self, task
and context (Schunk, 2001). Phase three involves the student's efforts to control and regulate
different aspects of the self, task, and context. Lastly, phase four represents various kinds of
reactions and reflections on the self and the task and/or context (Winne, 2001; Winne & Hadwin,
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1998). In short, self-regulated learners are goal-driven, motivated, independent, and
metacognitively active participants in their own learning (Zimmerman, 1990, 2002).

We questioned whether high school students, with little prior knowledge, can
successfully regulate their learning of a complex science topic collaboratively with a Web-based
simulation environment. This question is a particular concern of our study, which examines
whether high school students have the ability to regulate their own learning of a complex
scientific topic (i.e., ecological systems) as they work in pairs and use a Web-based simulation
environment. The learning takes place over a period of several weeks in a rich learner-centered
classroom environment which consists of other classroom materials, peers with varying learning
abilities, and several science teachers. This instructional context highlights some of the critical
issues that have been recently raised in the SRL literaturerole of context in SRL (Alexander,
1995; Hadwin, Winne, Stockley, Nesbit, & Woszczyna, 2001), developmental issues related to
the development of SRL (Pintrich & Zusho, 2002), the nature of co-regulation (McCaslin &
Hickey, 2001) in complex instructional settings, the role of goals in SRL (Pintrich, 2000; Winne,
2001), and the role of SRL when students use computer-based learning environments (CBLEs)
designed to foster understanding of complex science topics (Azevedo, Guthrie, Seibert, & Wang,
2001; Azevedo, Guthrie, & Seibert, under review; Azevedo et al., 2002; Azevedo, Verona, &
Cromley, 2001). This instructional context also highlights the need for either converging several
SRL models or expanding an existing model (e.g., Winne, 2001) to account for individual
knowledge construction, collaborative co-construction, and co-construction in a context that
includes peers, teachers, and instructional materials.

Complexity of Issues in SRL and CBLEs: Context, Developmental Aspects, Co-Regulation and
Goals.

Understanding the nature of the context in which students learn is a critical part of
understanding the nature of SRL. Students' ability to regulate their learning has been affected by
contextual variables such as the nature of the task (e.g., an authentic school task vs. a laboratory
task), time allotted for the learning activity (a simple task requiring minutes to complete vs. a
month-long science curriculum), instructional cues (learner-generated learning goals vs. teacher-
set learning goals), instructional materials (e.g., a CBLE vs. books), instructional resources (e.g.,
peers and teachers), and teaching approaches (e.g., student-centered vs. teacher-centered). It has
been argued that different contexts are likely to differentially affect students' ability to regulate
their learning (Alexander, 1995). Hadwin and colleagues (2001) have recently shown that
students' self-regulated studying behaviors are context-specific. Students reported selectively
using different studying tactics based on whether they were reading for learning, completing a
brief essay, or studying for an exam. Similarly, student-centered classrooms afford students
opportunities to engage in SRL including encouraging students to set their own goals, fostering
community building (e.g., emphasizing collaboration), providing flexible guidance during
learning (e.g., explicit scaffolded strategy instruction, modeling strategies such as planning and
goal-setting), promoting co-construction of knowledge, and allowing for the negotiation of
assessment methods (Randi & Corno, 2001). Student-centered methods have been successfully
used by proponents of project-based learning to enhance students' understanding of science
using CBLEs (e.g., Jackson, Krajcik, & Soloway, 2000; Krajcik, Blumenfeld, Marx, Bass, &
Fredericks, 1998; White, Shimoda, & Frederisken, 2000; Vye et al., 1998). However, what has
not been investigated is how students regulate their learning of science topics in student-centered
classrooms using CBLEs. Therefore, it is critical that we understand how the complexity of
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contextual variables influences students' ability to regulate their learning by examining the SRL
issues related to developmental stages and a limited conceptualization of co-regulation.

There is evidence from the developmental psychology literature that few high school
students can effectively regulate their learning, but that those who are self-regulating tend to be
the most academically successful (Bronson, 2000; Pintrich & Zusho, 2002; Schunk &
Zimmerman, 1997; Zimmerman & Risemberg, 1997). As adolescents grow, become more aware
of their own learning and memory processes, and acquire knowledge and strategies, they also
become more capable of directing and regulating their learning. To engage in SRL, they must
acquire a set of capabilities including planning for learning activities, setting goals for a learning
activity, maintaining attention on the material to be learned, identifying and deploying learning
strategies, monitoring progress towards goals, evaluating the effectiveness of learning strategies,
adjusting goals and learning strategies, and evaluating knowledge gained from the learning
activity. Research shows that high school students have difficulties with certain phases and
processes related to SRL. For example, high school students often lack the prior knowledge
necessary to plan their learning, set learning goals, monitor knowledge construction, and deploy
and effectively assess their learning strategies, and also have difficulty assessing their own
knowledge accurately (e.g., Pintrich & Zusho, 2002; Pressley, Ross, Levin, & Ghatala, 1984).

The third issue of concern is the distinction between self-regulated learning and co-
regulated learning. According to a Vygotskyian perspective on SRL, co-regulation acts as a
facilitator of self-regulation (see McCaslin & Hickey, 1996, 2001). Vygostkians assert that SRL
has its roots in socially regulated learninginitially, other people (i.e., teachers, parents) help
children learn by setting goals for a learning activity, keeping their attention focused on the
learning task, suggesting effective learning strategies, monitoring progress towards goals, etc.
(Rogoff, 1999). Over time, children assume the responsibility for these processesthey set their
own learning goals, stay on tasks, use effective learning strategies, and evaluate their progress
and learning. According to this developmental trajectory, co-regulation would bridge other-
regulated and self-regulated learning by having teachers and sometimes peers share
responsibility for directing the various aspects of learning (McCaslin & Hickey; 1996, 2001).
There is a general lack of conceptual clarity regarding the nature of co-regulation during learning
between student pairs, student-teacher, and student-teacher-CBLE, even though there is a
plethora of studies examining SRL from various theoretical frameworks. Furthermore, there are
no empirical studies that we know of that examine the role of co-regulated learning with CBLEs
between student pairs, student and teacher, or student and CBLE and the interactions within
these pairings.

However, the usefulness of using a Vygotskyan co-regulation framework has yet to be
established either conceptually or empirically. The conceptual interplay between self- and co-
regulation is of paramount value in our research examining students' understanding of complex
science topics in a dynamic, multi-layered technology-enhanced classroom environment. The
contextual complexity encountered in our science classrooms is further compounded by the
theoretical notions of self- and co-regulated learning and the implicit assumption of many of the
CBLEs designed to foster science understanding that using the environment will actually lead to
better student understanding (Land, 2000; Hannafin & Land, 1997).

In sum, there are several theoretical and conceptual issues related to SRL that need to be
addressed before we can effectively examine how learners regulate their learning during a
knowledge construction activity using complex Web-based simulation environments to build
sophisticated conceptual understandings of ecological systems. However, due to the complexity
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of our instructional context and based on the issues present above, we have begun to empirically
investigate one of the initial phases of SRLgoal-setting.

The Role of Goals in Self-Regulated Learning
Goal setting is an integral part of the forethought phase of self-regulation (Schunk,

2001;Winne, 1995, 1996, 2001; Zimmerman, 2000). Allowing students to set learning goals can
enhance their commitment to attaining them, which is necessary in order for goals to affect
performance. Goals play a major role in models of self-regulated learning (SRL) (see Boekaerts,
Pintrich, & Zeidner, 2000; Paris & Paris, 2001; Zimmerman & Schunk, 2001; Zimmerman,
2002). Social cognitive theorists have found that self-set goals promote students' self-efficacy,
proximal goals enhance achievement outcomes better than distant goals, and difficult goals
enhance student motivation and achievement (see Schunk, 2001 for a review). Similarly,
cognitive theorists (e.g., Winne, 2001) include goal setting and planning as critical stages during
self-regulated learning. Goals allow a learner to dynamically and recursively engage in several
other cognitive and motivational processes as he/she controls task resources (e.g., instructional
cues, time allocation, social context), cognitive conditions (e.g., domain knowledge, knowledge
of the task, and knowledge of learning strategies), and motivational conditions (e.g., self-
efficacy, interest, task value).

Research on students' ability to use goal-setting to regulate their learning of science
topics with CBLEs, including simulation and hypermedia environments, is still in its infancy.
Azevedo, Guthrie, Seibert, and Wang (2001) recently examined the role of different goal-setting
instructional interventions in facilitating students' shift to more sophisticated mental models of
the circulatory system as indicated by both performance and process data. Azevedo et al. (2001)
adopted Winne and colleagues' IPT model of self-regulated learning (Winne, 2001; Winne &
Hadwin, 1998) and empirically tested the model by examining how students regulated their own
learning when using a hypermedia environment to learn about the circulatory system. Twenty-
four undergraduate students were randomly assigned to one of three goal-setting instructional
conditions (learner-generated sub-goals, top-down, and bottom-up) and were trained to use a
hypermedia environment to learn about the circulatory system. Pretest, posttest, transfer test, and
verbal protocol data were collected using a pretest-posttest comparison group design with a
think-aloud methodology. Findings revealed that the learner-generated sub-goals condition
facilitated the shift in learners' mental models significantly more than did the other comparison
conditions. Learners in the learner-generated condition were also much better at regulating their
learning during the knowledge construction activity. In general, they planned and monitored their
learning more efficiently by creating sub-goals, activating prior knowledge, and engaging in self-
questioning. They also used more effective learning strategies, were more effective in handling
task difficulties and demands than comparison groups, and expressed interest in the topic. Their
results provide a valuable initial characterization of SRL across several goal-setting instructional
conditions during an individual knowledge construction activity.

In a second study, we (Azevedo, Seibert, Guthrie, Cromley, Wang, & Tron, 2002)
continued our investigations on how different goal-setting instructional interventions facilitate
students' understanding of complex science topics with hypermedia. We continue to expand on
Winne and colleagues' model of SRL (1998; 2001) by including the bottom-up and learner-
generated conditions and testing other goal-setting conditions. We added a strategy instruction
condition where the students received a 30-minute training session in how to regulate their
learning, and we also added a co-regulation condition where the student had access to a nurse
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practitioner who assisted in regulating the students' learning. Forty undergraduate students were
randomly assigned to one of four goal-setting instructional conditions (co-regulation, strategy
instruction, learner-generated sub-goals, and bottom-up) and were trained to use the same
hyperrnedia environment to learn about the circulatory system. Findings revealed that the co-
regulation and strategy instruction conditions facilitated the shift in learners' mental models
significantly more than did the other comparison conditions. Learners in the co-regulation
condition benefited by having the tutor co-regulate their learning by planning their goals,
monitoring their emerging understanding and providing scaffolding, using effective strategies,
and providing motivational scaffolding. Learners in the strategy instruction condition also made
significant knowledge gains but regulated their learning differently, since they did not have the
tutor to co-regulate their learning. Learners in the learner-generated sub-goals and bottom-up
conditions were less effective at regulating their learning and exhibited great variability in their
ability to self-regulate their learning during the knowledge construction activity. Our results are
beginning to provide valuable empirical evidence about the effects of different goal-setting
conditions on students' ability to self-regulate and co-regulate their learning with CBLEs.

In the present study, we considered the effects of goal-setting conditions on high school
students' ability to regulate their learning of a complex science topic when using RiverWeb, a
Web-based simulation hypermedia environment. Similar to Azevedo et al. (2001), we used a
model-driven approach by expanding Winne and colleagues' IPT model to examine the role of
goal-setting in a dynamic, multi-layered technology-enhanced classroom environment.

A Model of SRL in a Multi-Layered Dynamic Technology Enhanced Classroom Environment
Because SRL is relevant to so many aspects of learning, diverse theoretical perspectives

have been proposed as useful for examining SRL These include theories based on information
processing (Winne, 2001; Winne & Hadwin, 1998), Piaget's constructivist theory (Paris, Byrnes,
& Paris, 2001), Vygotsky's sociocultural theory (McCaslin, 1989; McCaslin & Hickey, 2001),
and social learning theories (Pintrich, 2001; Schunk, 2001; Zimmerman, 2002) (for a recent
review of the various theoretical perspectives see Zimmerman & Schunk, 2001).

We have reached a critical period in SRL research where either theoretical convergence
or expansion is needed due to the overlap in constructs and because each theory uses a "lens" of
different magnification to study SRL (Zimmerman, 2001; Zimmerman & Schunk, 2001).
Building on Winne and colleagues' SRL model (Winne & Butler, 1995; Winne & Hadwin, 1998;
Winne, 1998; 2001), we used their theory to study high school students' self- and co-regulated
learning of ecological systems using RiverWeb, a Web-based simulation environment, in a
learner-centered classroom.

We expanded their model and analyzed students' SRL at three levels-1) individual
construction of knowledge; 2) co-construction between a pair of students; and, 3) teacher
monitoring of the co-construction process between a pair of students. Level 1 represents the
construction of knowledge at the individual student level. Level 2 includes two individual IPT
models, one for each student, representing co-regulation as both students co-construct knowledge
with RiverWeb. Level 3 is an extension of Level 2, in that the teacher co-regulates the student
pair's Level 2 co-construction of knowledge by monitoring the activity. Due to the complexity of
SRL, our research strategy is aimed at examining the effects of manipulating one of the initial
phases of SRLgoal-setting.

Winne and colleagues' information processing model of self-regulation accounts for
students' cyclical and recursive cycles of control and monitoring during the four phases of self-
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regulated learningperceiving tasks, setting goals and plans, adopting tactics, and enacting
tactics. SRL updates self-knowledge and perceptions of the task's changing states, thereby
creating information that self-regulated learners can (if they so choose) use to select, adapt, or
generate tactics and strategies.

According to Winne and Hadwin (1998, 2001), self-regulating learners go through four
cyclical and iterative phases. During the first phase the learner processes information about the
conditions that characterize the task; that is, the learner constructs a perception that defines what
the task is (Butler & Winne, 1995; Winne, 1997). Two main sources of information contribute to
definitions of a task: the first is task conditions (information about the task that the learner
interprets based on the task environment, such as a list of general teacher-set learning goals). The
second source of information is cognitive conditions, information that the learner retrieves from
LTM and the learner's estimation of prior knowledge, memory of anxiety about similar tasks,
and attributions related to ability. Once information about these task and cognitive conditions is
active in working memory, the student integrates it to construct an idiosyncratic definition of the
task.

In phase two, the learner frames a goal and assembles a plan to approach it. According to
Winne and colleagues (1998; 2001), goals have profiles of standards and each standard in a
goal's profile is a value against which products can be monitored throughout the task. By cycling
through phase two, goals can be updated as work on the task itself proceeds (in phase three).
According to the model, once goals are active, learners then proceed to learn by using the
COPES (conditions, operations, products, evaluations, and standards) script for the task.

In phase three, the learner applies the tactics and strategies identified in phase two.
Search tactics copy information into WM from LTM that relate to the student's definition of the
task. Each product created by carrying out a tactic or strategy has facets (similar to goals) that
can be modeled in the same shape as the goal profile from phase 2. Monitoring compares the
shape of the goal profiles and generates internal feedback. Phase four is optional; according to
the model, the learner may decide to make major adaptations to the schernas that structure how
self-regulated learning is carried out.

This model also postulates that metacognitive monitoring, metacognitive control, and
feedback are key features of self-regulated learning which take place in all four phases (Butler &
Winne, 1995; Winne 1996, 1997, 2001; Winne & Hadwin, 1998). Without cognitive evaluations
about the differences between a) the current profile of work on a task and b) goals that specify
standards for a satisfactory product, there is no guidance about how to regulate learning.
Monitoring produces informationas a list of both matches and mismatches between the
standards for a task, and mismatches between the standards for a task and a representation in
WM of the product(s) of (a phase of) a task. Within the limits of cognitive resources and given
particular external task conditions, the updates from each phase afford potential for the learner to
exercise metacognitive control that adapts engagement in mid-task (Winne, 2001).

Overall, there is a limited amount of psychological research that addresses a) whether
students regulate their use and generation of sub-goals across domains and b) the complexity of
SRL between individual and collaborative pairs and the teacher in students' learning of complex
science topics (e.g., ecological system), especially with students using dynamic, non-linear,
random-access instructional Web-based simulation environments. Therefore, a critical aspect of
this study is to determine the extend to which we can use Wirme and colleagues' model to
account for levels 2 and 3 of our model in our complex instructional context. For example, do
students engage in effective help seeking during co-regulated learning by asking either peers or
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teachers for assistance during the knowledge co-construction activity? Do students set sub-goals
and monitor progress toward them? There is a need for more clarity with respect to the role of
goals and goal-setting during knowledge construction activity from CBLEs which contain
multiple representations (e.g., text, diagrams, graphs, scattterplots). There is also a need for more
detail with respect to how other sub-components of self-regulated learning (e.g., planning,
monitoring, strategy use, handling of task difficulty and demands, and interest) are related to
teacher-set and self-set goals and sub-goals during learning of complex science topic with a
simulation environment.

Based on Winne and colleagues' (1998, 2001) model of SRL, we hypothesized that the
questions we posed to students would serve as a series of teacher-set sub-goals that would
scaffold and therefore facilitate students' understanding (from pretest to posttest). The questions
would allow them to cognitively monitor their search of the environment and the answers to each
question (i.e., products of information processing) and compare these to their standard (i.e.,
overall learning goal). This would allow them to generate feedback regarding any discrepancy
between current understanding and the overall learning, and permit them to exercise cognitive
control to reduce any discrepancies in learning.

The learner-generated sub-goals (LGSG) condition students were given the four general
learning goals and were allowed to set their own learning sub-goals while using the RiverWeb
WQS simulation to learn about ecological systems. Based on Winne and colleagues' (1998,
2001) model of SRL, we hypothesized that the students would engage and regulate their learning
by generating their own learning sub-goals which might lead them to be more cognitively
engaged during learning, allow them to engage in metacognitive monitoring of their current
understanding, and therefore produce internally generated feedback, allowing them to again
monitor their learning and adjust it accordingly. These students would also engage in co-
regulation of their learning and engage in adaptive help-seeking behavior from the teachers and
peers.

In the teacher-set goals condition (TSG), each student pair followed a detailed script (in
the form of questions) design to enhance their understanding of the complex issues related to
water quality and land use. This condition was designed to examine whether providing students
with detailed scripted teacher-set goals would enhance their understanding of issues related to
ecological systems. These students would be limited in their ability to co-regulate their learning
and not engage in adaptive help-seeking behavior from the teachers and peers.

Research Questions
In this study, we investigated how different goal-setting instructional interventions

facilitate high school students' shift from less- to more sophisticated mental models of a complex
system (i.e., issues related to land use, water quality, and ecological system) in a complex
instructional context. Two specific research questions are addressed in this paper. First, how do
different goal-setting instructional conditions influence students' ability to shift to a more
sophisticated understanding of ecological systems? Second, how do goal-setting conditions
influence students' ability to regulate their learning from Web-based simulation environments?
We also discuss how the results of our study will be used to inform the design of new system
features to support SRL and co-regulated learning.
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Method
Participants

Sixteen 11 th and 12th grade high school students (11 girls and 5 boys) from an
environmental science class volunteered to participate in this study. Ages ranged from 16 to 18
years. The students come from diverse socioeconomic and racial backgrounds, and represent a
wide spectrum of academic abilities. Thirty one percent (n = 5) were African American, 31% (1r
= 5) were Caucasian, 19% (n = 3) were Hispanic, and 19% (n = 3) were Asian. They had low
prior knowledge, having only taken a biology course in which the unit on ecology covered
population dynamics in various ecosystems, photosynthesis, biotic diversity, abiotic factors, and
interdependence of organisms. Data were collected during February and March 2001, two
months prior to the end of the school year.

Research Design
We used a pretest-posttest comparison group design (16 students randomly assigned to

one of two instructional conditionsteacher-set goals (TSG) and learner-generated sub-goals
(LGSG). We also collected video and audio data on one-half of the students while they worked
in groups of two using the RiverWeb Water Quality Simulator (WQS) to learn about ecological
systems.

Instructional Context
In a typical high school environmental science course, a unit is devoted to water quality

and the impact of land use on the pollutants that find their way into streams, rivers, and
eventually, the ocean. Many high schools have identified their own wetlands on or near the
campus so that students may take samples of water on which to perform measurements of pH,
dissolved oxygen, and other water quality indicators. These activities give the students hands-on
experience about the nature of the water in their own watershed. The next step for many high
school students would be to investigate how water quality changes across different locales, but
that would require field trips that are both expensive and time intensive. Yet in order for students
to understand the differential impact of agricultural, commercial, urban, suburban,
manufacturing, and forested land uses on water quality, students need to have some kind of
experience with each. The RiverWeb Water Quality Simulator (WQS) is designed to provide
students with a simulated field trip through a prototypical watershed.

In the environmental science course used for this study, the classroom teachers and
students spent three weeks studying watersheds in preparing for their investigations with
RiverWeb. In week one, they begin with a review of graph interpretation skills, which they then
applied to a demonstration of evaporation and condensation in a closed system (the water cycle
experiment). The students also received a demonstration of the STELLA"' modeling and
simulation environment and went to the computer lab to construct a computer model of the water
cycle experiment. They started to construct their STELLA"' models in the next class period. In
week two, they spent three class periods constructing and refining their STELLA"' models. In
week three, the science teacher engaged students in a classroom discussion of the issues related
to land use and water quality.

11
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The River Web sm Water Quality Simulation Environment
The River Web Water Quality Simulator (WQS) is a Web-based environment

(http://mvhsl.mbhs.edu/riverweb/index1.html) developed at Maryland Virtual High School and
linked to the RiverWeb SM Program originating from the National Center for Supercomputing
Applications (NCSA). Targeted at the grades 8-12 science and math curriculum, the WQS
depicts the effects of various land uses on water quality in an archetypal watershed. Students
access WQS monitoring stations to explore how different land uses, including pristine forest,
agriculture, lumbering forest, residential area, commercial/industrial area, wetlands, and urban
area, affect water quality. Each water monitoring station allows students to test for physical and
chemical characteristics of the tributary, such as total flow and nitrogen concentration. By
limiting each sub-watershed to one land use, the effect of that land use on can be seen on the
quality of the water that students "test" within its boundaries. The cumulative effect of the
combined land use determines the water quality shown by the indicator values found at a
common river outflow (see area 7 on Figure 1).

After the user logs in, a map of the archetypal watershed appears (see Figure 1). Water
quality monitoring stations located throughout the watershed are also depicted on the map. The
user may click on the map to investigate any sub-watershed using the RiverWeb graph window.
By default, the graph window displays the variation of nitrogen over time in Station 0 in the top
window, and precipitation over time in Station 0 in the bottom window (see Figure 2). Other
indicators may be selected; for example, the student might compare nitrogen concentration
between two stations (e.g., residential area vs. wetlands) and/or compare different indicators at
the same station (e.g., phosphorous vs. dissolved oxygen in the urban area). In addition, reducing
the range of days for each graph provides the ability to zoom in on a particular time period and
allows the student to investigate daily and seasonal variations.

Insert Figure 1 about here

Insert Figure 2 about here

A tour, which may be selected at login, uses frames to combine the WQS with
instructions leading the user through most of the simulator capabilities. Clicking on a hyperlink
in the graphical display invokes the Web-based notebook. Linked to a flexible database on the
server, a digital notebook keyed to currently selected indicators provides a space for students to
record their observations, pose hypotheses, and answer questions designed to promote
conceptual understanding as they explore connections between watershed variables. Teachers
can use the notebook to structure their students' explorations by customizing the questions to fit
the needs of their students and curriculum and to assess student learning.

Students examine the time series reports and scatterplots available through the graph page
and then record their observations in the digital notebook. Using the time series graphs, students
are able to see the impact of seasonal changes on certain indicators. Using the scatterplots,
students are able to discover correlations between variables, such as the relationship between
water temperature and dissolved oxygen. The goal is to foster student understanding of the
complex relationships among the many land uses, indicators, and water quality in the watershed.

12
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To gain this understanding, students are given instruction in graph interpretation, they then
answer open-ended questions which demand explanations of concepts and relationships, and then
construct concept maps. Once students have developed an explanation for how land use
influences water quality, they discuss the recommendations that should be made to local
policyrnakers to solve problems, applying their understanding to evaluate relative benefits and
costs of different strategies aimed at mitigating non-point pollution within the watershed.
Data Sources and Measures

Several data sources were used to obtain an in-depth understanding of students' emerging
understanding of science phenomena and to examine the effects of goal-setting conditions on
students' ability to regulate their learning with RiverWeb. A total of 15 hours of video and audio
data were collected, and subsequently transcribed for fine-grained analysis. The students'
emerging understanding and ability to regulate their learning was assessed through an analysis of
student interactions during science inquiry activities. Video and audio data were collected on
one-half of the student pairs (i.e., 2 TSG groups and 2 LGSG groups) during all on-line science
inquiry sessions with RiverWeb. This allowed for in-depth analysis of students' individual, co-
construction, and teacher and peer scaffolding of knowledge while they engaged in science
inquiry activities with the WQS. In addition to the video and audio data of student pairs, we also
collected notebook entries, prediction statements, pretests, posttests, and concept maps.

The paper-and-pencil materials consisted of a pretest and a posttest. Three science
teachers in consultation with a faculty researcher and graduate student constructed all of the
paper-and-pencil materials. The pretest and posttest included seven complex questions which
required students to: (1) explain underlying ecological phenomena, (2) describe scientific
procedures for finding the source of toxins, (3) describe and hypothesize daily and seasonal
variations depicted on several line diagrams, and (4) construct a concept map illustrating the
relationships between water quality indicators and land use.

The questions were designed to give the student an opportunity to demonstrate their
understanding of the various issues related to water quality. Question 1 was designed to
determine if the students understood whether pollutants found at the mouth of a river come from
runoff from land uses areas upstream. Question 2 was designed to assess whether students
understood that a methodical process of testing water at various sites upstream must be used to
discover the actual source of pollutants found at the mouth of the river. Question 3 was designed
to assess whether students understood that a parking lot results in more runoff and, subsequently,
more sediments and toxins in the water and also increases the temperature of the runoff, resulting
in lower levels of dissolved oxygen. Question 4 was designed to assess whether students
understood that seasonal variation rises and falls with the seasons as well as showing some daily
variation. Water quality indicators, which are affected by air temperature and human seasonal
activity, will demonstrate seasonal variation in the graphs. Question 5 was designed to assess two
concepts: whether students understood that the scale on the y axis of a graph must be included in
the interpretation of the graph, and that land usage affects nitrogen concentration. Question 6 was
designed to assess whether students understood that the scale on the y axis of a graph must also
be included in the interpretation of the graph and that both precipitation and land use affect
runoff In question 7 students had to draw a concept map to show that they understood how
various factors affect water quality. Questions 1, 2, and 3 were constructed response type
questions. Questions 4 and 5 included a combination of time series graph interpretation and
constructed responses. Question 6 was a scatter plot graph interpretation questions. Question 7
asked the students to draw and label a concept map. The posttest was identical to the pretest.

13
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Procedure
The students were randomly assigned to one of two groups: teacher-set goals (n = 8) and

learner-generated sub-goals (LGSG) (n = 8) following the 3 weeks of preparation for
investigations with RiverWeb. After assigning students to conditions, we formed 4 teacher-set
goals groups and 4 LGSG groups. The environmental science unit with RiverWeb took place
over eleven 90-minute blocks over a period of two months. During this period the students
engaged in several activities including graph interpretation tasks, constructing water cycle
models with StellaTM, conducting laboratory experiments, and using RiverWeb to explore the
relationship between water quality indicators and land use. Performance data were collected for
all students. Videotapes and audiotapes were collected from two of the teacher-set goals (TSG)
and two learner-generated sub-goals (LGSG) groups on three separate occasions over a 1-month
period. In total, we collected 15 hours of audio and video data over three days (four student pairs
during two 90-minute classroom period and two groups during the final presentations). One
researcher acted as a complete participant during the data collection period. She is an
experienced environmental science teacher who introduced the science activities to all of the
students and provided scaffolding during activities. The regular classroom teacher and a visiting
teacher also provided scaffolding during all science activities. The other two researchers acted as
complete observers rather than participants in the classrooms, remaining on the sidelines to take
notes and manage taping equipment, interacting minimally with the students and teachers during
class periods. Taping was done for whole class periods during which the teachers moved in and
out of interaction with individual groups as they tackled the science inquiry questions. Therefore,
data was gathered as the groups of target students worked both with and without teacher
assistance.

Following the classroom discussions, students were given a six page pre-lab worksheet in
preparation for the RiverWeb activity. The students were asked to write a) several paragraphs
describing several best management practices (e.g., stream buffer, strip cropping), b) interpret
and label several graphs and scatter plots illustrating seasonal changes in air temperature and
concentrations of chemical indicators, c) sketch and label the axes of a graph to illustrate how
water temperature in a river might vary over the course of a year, d) generate hypotheses
regarding the shape of graphs and scatter plots, e) find corresponding data on two graphs, and f)
add connectors (i.e., relationships between concepts) on a teacher-constructed concept map
illustrating the pathways that energy and nutrients travel along in an estuarine environment.

In week one, students completed their pre-lab activity. In the second class of week one,
the teachers administered the pretest to all sixteen students during their science class. In the last
class meeting of the week, the teachers led a classroom discussion of water quality indicators,
and subsequently the students constructed an initial concept map of the issues related to land use
and water quality. In week two, students in both groups (i.e., TSG and LGSG) were handed their
RiverWeb scripts and worked with their partners to complete their RiverWeb WQS activities in
the computer lab. The teachers provided instructions for the learning task. The instructions were
slightly different for each of the experimental conditions. The following instructions were read
and presented to the students in writing.

For the learner-generated sub-goals (LGSG) condition the script consisted of a 2-page
handout with directions for how to create a concept map and with the following instructions:
"You are going to explore the relationships among the indicators in your concept map by using
RiverWeb. As you work, keep in mind these four questions: (1) How does land use impact the
water quality at a station? (2) How does the land use at a station affect the water quality at the
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mouth of the river? (3) Investigate interactions between indicators which indicators impact
other indicators? Why does the interaction exist? (4) How does the water quality at a station
change after the best management practice is implemented?" The instructions for the teacher-set
goals (TSG) condition were identical and also included as part of their handout a list of all
possible combinations of indicators, which each pair should investigate in RiverWeb. The list
and sequence of indicators was designed by the teachers to increase TSG students' understanding
of the complex issues related to land use and water quality.

Students spent three class periods using the WQS to explore the complex issues related to
land use and water quality. The WQS was used as an environment for the students to deepen
their understanding of the complex relationships in the watershed. In week three, students met in
their TSG and LGSG groups (i.e., two groups of 8) and the teachers had each group discuss their
findings and together build a final concept map representing the understanding the entire group
(i.e., 8 members of each group). In the second class period of week three the teachers
administered the posttest to all students during their science class.

Data Analysis
In this section we describe the scoring of the students' answers to the pretests and

posttests, the coding of the students' mental models based on the concept maps they constructed
on their pretests and posttests, the coding of the number of relationships and connectors in the
each groups final concept map, and inter-rater reliability measures.

Scoring of Students' Answers to Pretest and Posttest Questions. Two teachers constructed
a rubric for scoring the students' responses to the pretest and posttest questions by initially
scoring a subset (30%) of all the pretests and posttests. The rubric was refined and the two
teachers scored all 32 tests individually using the revised rubric. Questions 1, 2, and 3 were each
given a single score; questions 4 and 6 each had four parts and so the two questions were given
four scores each; and, question 5 had two parts and so it was given two scores. This yielded 13
separate scores for each student's pretest and posttest, which were combined to calculate the
each student's overall (questions 1-6 on the pretest and posttest) score out of 60, which was then
converted into a percentage.

Coding the Students' Mental Models Based on the Concept Maps from Pretest and
Posttest. Our analyses focused on the participants' shifts in mental models based on the goal-
setting instructional interventions. A mental model is an internal mental representation of some
domain or situation that supports understanding, problem solving, reasoning, and prediction in
knowledge-rich domains (Gentner & Stevens, 1983; Markman & Gentner, 2001). The mental
models approach has been used extensively to explain reasoning about a number of domains
including physical systems and mechanisms (Hegarty & Just, 1993; Narayanan & Hegarty,
1998), electrical circuits (White, Shirnoda, & Frederiksen, 2000), circulatory system (Azevedo et
al., 2001, 2002, under review; Chi, 2000; Chi et al., 1994, 2001), development of astronomical
knowledge (Vosniadou & Brewer, 1992), and the nature of matter (Hogan, 1999).

In order to have a coherent understanding of the effects of different land uses on water
quality, an intricate system of relations must be understood not only locally, but also system-
wide as well. The relations include within-a-component (e.g., fluctuations in individual
indicators), between-component (e.g., fluctuations between water quality indicators) , and
hierarchical relations (e.g., effects of different land uses on water quality indicators), as well as
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complex relationships between water temperature, nitrogen, and toxins on dissolved oxygen as
well as relationships between nitrogen, toxins, phosphorous, heavy metals on pH. We developed
an initial approach based on the extensive research on the use of mental models to analyze
students' conceptual understanding of complex science topics (e.g., Chi et al., 1994, 2001) and
subsequently extended it, with the assistance of our science teachers, to include the knowledge
that was presented in the River Web WQS and the students' understanding based on their
performance on the pretests and posttests.

One goal of our research was to capture the initial and final mental model that each
participant had of the ecological system. This analysis depicted the status of each student's
mental model prior to and after learning, as an indication of representational change that
occurred with deep understanding. In our case, the status of the mental model refers to the
correctness and completeness in regard to the identification of indicators; the relationships
between the indicators and land use; and the relationship among the indicators, land use and best
management practices.

We followed established methods used by researchers (e.g., Chi et al., 1994) to analyze
the students' mental models. In brief, a student's initial mental model of how the ecological
system works was derived from their (initial) concept map from question #7 on the pretest.
Similarly, a student's final mental model of how the ecological system works was derived from
their (final) concept map from question #7 on the posttest. As a result, we created seven general
types of mental models, which represent the progression from no model to the most accurate: (1)
no understanding, (2) basic global concepts, (3) basic model with multiple levels of causality, (4)
intermediate model with multiple levels of causality, (5) advanced model with multiple levels of
causality, (6) advanced model with multiple levels of causality with runoff, and (7) advanced
model with multiple levels of causality with best management practices. A complete description
of the necessary features for each mental model is provided in the Table 1.

Insert Table 1 about here

Coding and Inter-Rater Reliability Measures. Each teacher scored each student's
questions (and sub-parts) on their pretest and posttest (i.e., 6 questions with a total of 13 scores x
16 students x 2 tests = 416 individual scores). Each teacher was instructed to independently code
all 416 answers on the pretests and posttests. The inter-rater reliability was established for the
scoring of the learners' pretest and posttest answers by comparing the individual coding of the
two high school teachers, who derived the scoring rubric for each of the sub-parts to each of the
six questions presented on both pretest and posttest. There was agreement on 362 out of 416
scores yielding a reliability coefficient of .87. For mental models, inter-rater reliability was
established by recruiting and training a high school teacher to use the description of the mental
models (see Table 1). She was instructed to independently code all 32 selected protocols (pretest
and posttest concept maps of the ecology system from each student) using the 7 mental models
of the ecology system previously described and presented in Table 1. Her coding was compared
to another science teacher and there was agreement on 28 out of a total of 32 student concept
maps yielding a reliability coefficient of .88. Inconsistencies were resolved through discussion
between the teachers and the experimenters.
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Results
The data analyzed in this study consisted of outcome measures from pretests, posttests,

and concept maps from each of the 16 students, and the verbal protocols collected during
learning with the RiverWeb WQS from one-half of the students in each instructional group. We
used the outcome measures to analyze changes in students' conceptual understanding based on
the pretest and posttest scores and scores on their concepts maps. We also analyzed the shift in
the sophistication of students' mental models based on our seven mental models of ecology. We
also analyzed the correct placement of arrows and labeling of relationships made by students on
their final group concept maps. Students' verbalizations were analyzed to examine the effects of
the two goal-setting instructional conditions on the nature of self-regulated learning using to our
extension of Wiime and colleagues' model of self- and co-regulation in a multi-layered dynamic
technology-enhanced classroom environment. We also provide a qualitative description of how a
"typical" student in each of the two goal-setting conditions would regulate their learning of the
ecology systems with the WQS, based on the verbal protocols. Analyses are reported that address
the guiding questions.

Question 1: How do different goal-setting instructional conditions influence students'
ability to shift to a more sophisticated understanding of ecological systems? The results for this
question are based on students' understanding as shown on the pretest and posttest scores and the
shift in their mental models from pretest to posttest. We also had the science teachers analyze the
groups' final concept maps.

Individual Knowledge Construction
The analyses of the pretests and posttests used a 2 (teacher-set goals-TSG, learner-

generated set goals, LGSG) by 2 (pretest, posttest) design. The first factor, Instructional
Condition, was between-groups, and the second factor, Time, was a within-subjects measure.
The number of participants in each cell is 8 for all analyses.

Students' performance on the pretests and posttest (questions 1 through 6) was analyzed
to determine whether the different goal-setting conditions, embedded in two instructional
interventions, facilitated students' understanding of the complex relationships in a watershed. A
2 X 2 repeated measures ANOVA on the pretest and posttest data found a significant main effect
of time, F (1, 14) ----- 70.76, MSE = 8450, p < .05, and a significant interaction between condition
and time, F (1, 14) = 7.56, MSE = 903, p < .05. Simple main effect comparisons found no
significant differences between the conditions at pretest (t [14] = 1.34,p > .05) and posttest (1
[14] = 0.42, p > .05). LGSG students outperfonned the TSG students on the posttest (M = 69.5,
SD = 15.1 and M = 60.3, SD = 11.9, respectively), even though the pretest scores for both groups
indicated that students in the TSG condition had a slight advantage over the LGSG group on the
mean on the pretest (M = 38.4, SD = 12.3 and M = 26.4 SD = 22.1, respectively) (see Figure 3).

Insert Figure 3 about here

Students' final concept maps (question 7 on the pretests and posttests) were analyzed to
determine whether the different goal-setting conditions influenced students' shift to a more
sophisticated mental model of this topic represented in RiverWeb. A 2 X 2 repeated measures
ANOVA on the students' scores for question 7 on the pretest and posttest data showed a

17



SRL and RiverWeb 17

significant main effect of time, F (1, 14) = 44.29, MSE = 2235, p < .05, and a significant
interaction between condition and time, F (1, 14) = 4.69, MSE = 802, p < .05. Simple main effect
comparisons found no significant difference between the two conditions at pretest (t [14] = 0.38,
p> .05), but there was a significant difference at posttest (t [14] = 2.33, p < .05). Pretest scores
indicated that there was no clear advantage between the TSG and LGSG groups in students'
understanding of the issues related land use and water quality (M= 9.13, SD= 10.1 and M=
7.25, SD = 9.57, respectively). However, on the posttest students in the LGSG condition
significantly outperformed the TSG group (M= 48.74, SD = 19.9 and M= 30.3. SD = 10.2,
respectively) (see Figure 4).

Insert Figure 4 about here

Groups' Final Concept Maps
We also analyzed each group's understanding of the issues related to land use and water

quality based on the final concept map constructed by all students in each group. The three
teachers indicated that the concept maps show that the two groups demonstrated a general
understanding of the relationships in the water quality unit, but that there were some gaps in the
students' understanding of the details (see Figure 5). Since the concept maps represent a group
effort, they may reflect the understanding of the dominant member of the group. We observed on
the videos that the person with the deepest understanding of the water quality indicators was the
one who contributed the most to the design of the concept map for each group. Therefore, the
group-created concept maps do not reflect the knowledge of individual group members.

Insert Figure 5 about here

We can conclude from the first set of findings that the LGSG condition facilitated
students' conceptual understanding significantly more than did the TSG. This result indicates
that the increase in understanding was greater for the LGSG condition. We now report the
processing of learners' self- , co-regulated and external regulated learning based on our model to
explain the quantitative differences reported previously.

Question 2: How Do Goal-Setting Conditions Influence Students' Ability to Regulate
Their Learning from Web-Based Simulation Environments? In this section we present our
analysis of the audio and video data in terms of our three models: individual learning, co-
construction, and teacher-scaffolded learning. For individual learning and co-construction, we
present examples from both the LGSG and TSG groups. However, in teacher-scaffolded
learning, teachers provided almost identical scaffolding for the two groups, so we present these
examples together.

Overall, RiverWeb fostered student engagement in sustained inquiry-based activities and
scientific reasoning. Students were actively involved in searching for information on the WQS
by using multiple representations to answer questions. They engaged in scientific reasoning,
argumentation, and collaborative problem solving in order to understand the underlying causes
and relationships between water quality indicators and land use. Results indicate that prolonged
use with RiverWeb leads students to engage in collaborative reasoning and argumentation by
automating low-level skills (e.g., finding different RiverWeb features by scanning the interface).
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been able to answer.
Students from the LGSG group generated very complex argument structures as they

attempted to understand the information. In the following example, June is working at the
computer and a student expresses difficulty in understanding the relationship between nitrogen,
phosphorus, and pH. June realizes that she does not fully understand the relationship either, and
she and Holly together work to co-construct an understanding of this relationship. In fact, the
WQS models pH as dependent on the proportion of stream water from precipitation (acidic pH)
versus the proportion from ground water (neutral or alkaline pH). The students have not come to
the realization that the relationship between pH and nutrients is really a reflection of the effect of
the amount of precipitation on both.

Example 2:

Turn Transcript
1 June: The less phosphorus, the higher the pH goes, so it lessens the pH. Well, no, the-

when- So when the phosphorus does go down, the pH starts going up .. so .. . So it must
lower- it must make it lower, nitrogen makes it higher, so. So- . that doesn't make any
sense, because wouldn't you think of the nitrogen and phosphorus going in the water, that,
you know, kind of like the same rate in the runoff, wouldn't it [unintell] That's not what
everybody's been telling us in the class

2 Holly: 1 don't see it.
3 June: [unintell] [laughs] It makes it- It must make it lower the,
4 Holly: It decreases ...
5 June: That doesn't make any sense though...
6 Holly: I'm confused.. ..
7 June: Because nitrogen makes the pH higher, right? . Well I don't- That's why they. .

Well they said both nitrogen and phosphorus make it higher. And this is saying
phosphorus makes it lower. So if nitrogen makes it higher and phosphorus makes it lower
and they both go into the water at the same time ... how?

8 Stacy [Teacher]: OK. Good.
9 June: Phosphorus makes it lower.
10 Holly: Well, that doesn't make any sense
11 Stacy: Well, it- we don't know if the phosphorus makes it lower, or. . a- and if you- if you

look at . . there is a there is a decreasing trcnd here.
12 Holly: Yeah. That's what I said.
13 Stacy: An increase in phosphorus- when phosphorus is high, when you see an increase in

phosphorus, you see an increase- uh, a decrease in pH. OK.
14 Holly: Ohhhh.

When self-regulating students had difficulty understanding unexpected findings or
seemingly contradictory information, they engaged in help-seeking behavior (Newman, 2002)
from peers and teachers. The self-regulating students also used some of the scientific
assumptions underlying the representations provided by RiverWeb. They were metacognitively
aware of their performance and addressed deficiencies by reviewing what they knew, reviewing
their arguments, reviewing their problem solving steps, revisiting graphs generated by
RiverWeb, reflecting on the quality of their answers, and seeking scaffolding from each other
and/or teachers. Unfortunately, very few students displayed this ability to regulate their learning
of science with RiverWeb.
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Teacher-Scaffolded Learning (Level 3).
Teachers played a crucial role during collaborative problem-solving for both TSG and

LGSG students by providing instruction (e.g., definitions), cognitive scaffolding (e.g., hints),
motivational statements (e.g., encouragement), procedural help (e.g., instructions on using the
interface), and instructions about how to do the task (e.g., which indicators to look at in order to
answer the question).

Instruction. Teachers sometimes provided instruction when they realized students were
lacking knowledge. Instruction included direct instruction before student problem solving in both
declarative knowledge ("Toxins are . . . poisons and pesticides, herbicides") and procedural
knowledge ("Think about what happens in a lumbered area, or what you expect to happen in a
lumbered area, and therefore I would find more or less of this in the water"), explaining student
answers ("[Looking at student scatterplot] So whenever, uh, say, the precipitation . . . and the
phosphorus at Station 0 is anywhere near .1, it sends it relatively high at Station 2"), and giving
students the answer ("[a forest] anchors the soil and it absorbs and holds moisture in the ground.
If you chop the trees down, then you're going to end up with lots of runoff'). In addition,
teachers in the LGSG condition helped students with goal setting ("You're doing lumbering
compared to pristine. And you're going to check nitrogen and phosphorus and all those things").

Cognitive Scaffolding. Teachers facilitated students' use of strategies and prior
knowledge by using various scaffolding techniques. These included hinting ("Before you make
your prediction . . . you can keep the indicator button [down]") and pumping students with
questions ("Do you understand what the scatterplot is?"). It was apparent that teachers'
scaffolding provided different types of feedback, which the students could then use to compare
to internal standards (Butler & Winne, 1995).

Some teacher scaffolding was teacher-initiated, while some was the result of students'
adaptive help-seeking. In Example 3, the teacher stepped in to scaffold students' understanding
of the relationship between air temperature and amount of precipitation by asking them to think
through specific examples.

Example 3:
Turn Transcript

8 Stacy: OK, I have a question, I have a question about your precipitation, your arrow for your air
temperature- air temperature affects- affects precipitation. Are you talking about, let's say today it's
going to be 50 degrees, is it going to rain?

9 Theo: Mmmmm.

10 Henry: Yeah.

11 Stacy: Do you predict on- in April, because it's 70 degrees, is it going to rain?

12 Theo: Most likely. Most likely.

13 Henry: If it's 70 degrees, it's probably.

14 Stacy: Which day will it rain? . I'm just trying to pick- OK, we're looking at maybe seasons, it might
have a- a higher chance it's going to rain, April showers.. .Are you talking about . the air temperature
affects the type of precipitation, you probably would not get snow in August, right?

15 Theo: No.

16 Stacy: OK, so you- you're talking about the air temperature is affecting maybe the types. Uh, and l-
and here, I'm looki- my other- my other, uh, thing that I'm talking about is, can we predict due to the
air temperature . due to it being 80 degrees, can we t- say OK, it's going to rain at- every time it's 80
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degrees. OK, OK, 1 just wanted to.

17 Henry: [unintell]

18 Stacy: So we could write down, here, take this, .. with orange [marker] for- for, uh, for air
temperature the connector affects- could affec-, uh, affect- affects types of precipitation. So you can
put maybe right here you can put, uh, types of .. OK, precipitation causes runoff. . Runoff increases
the sediments, uh, sediments contain nitrogen, phosphorus, heavy metals, and toxins. And, uh.

19 Connecting [unintell] affect the, uh, pH.

The teacher used several instructional and scaffolding strategies to try to improve the students'
answer, including examples and counterexamples (e.g., in turn 14, "April showers" and "you
probably would not get snow in August"), restating student information (e.g., in turn 8, "your
arrow for your air temperature affects . . . precipitation"), and asking pumping questions (e.g., in
turn 14, "Which day will it rain?").

Motivation. Teachers provided motivational scaffolding by giving positive feedback
("You guys did a real good job") and offering choices ("I am going to let you guys choose
between lumbering and agriculture").

Procedural Help. Teachers helped students use RiverWeb to answer their questions by
explaining, e.g., how to exit the RiverWeb tour, which then enabled students to see more of the
screen in the interface. Teachers also reminded students about different features of the interface,
e.g., "Make sure you guys are answering the notebook questions."

Task Instructions. Teachers asked students to approach tasks in specified ways, e.g., "I
want you to take maybe about 3 minutes to look at [your concept maps] together." Teachers also
reminded students to type their answers into RiverWeb (rather than simply writing them on
paper).
Peer-Scaffolded Learning.

In addition to teacher scaffolding, peers also provided key support for student learning.
Peers provided both explanations (see example 4 below) and scaffolding.

Example 4:

Turn Transcript
1 Micki: OK. [laughs] I bet there's a lot of runoff, here... Oh, wow, look how

much less runoff there is when you do strip cropping.... Huh? Yep, it's a whole
lot more than that.:

2 Mark: It's 1.4 million times [unintell]
3 Micki: About a thousand... .

4 Mark: It's going towards... . one billion gallons
5 Steve: Part of the reason is the agricultural area the actual land area, the sample,

is bigger.

In summary, both TSG and LGSG students' engaged in individual, co-constructed, and
teacher scaffolded learning. However, the quality of individual and co-constructed learning
between TSG and LGSG is consistent with the quantitative differences in student learning.
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Conclusion
This study examined the role of different goal-setting instructional interventions in

facilitating high school students' regulation of their conceptual understanding of ecological
systems while using a Web-based water quality simulation environment. Building on Winne and
colleagues' information processing theory of SRL, we examined 1) students' self-regulation, 2)
co-regulation, and 3) the role of the teacher as an external regulator during a knowledge
construction activity. Sixteen 11th and 12th grade high school students were randomly assigned to
one of two goal-setting instructional conditions (teacher-set goals [TSG] and learner-generated
sub-goals [LGSG]) and used RiverWebsm collaboratively, during a three-week curriculum on
environmental science. The students' emerging understanding was assessed using their pretest
and posttest scores, and was also assessed through an analysis of their discourse during several
collaborative problem-solving episodes. The LGSG condition facilitated a shift in students'
mental models significantly more than did the TSG condition. Students in the LGSG condition
were also much better at regulating and co-regulating their learning during the knowledge
construction activity than were TSG students. In general, they planned and monitored their
learning more efficiently by creating sub-goals, activating prior knowledge, and engaging in
adaptive help-seeking. They also used more effective learning strategies and were more effective
in handling task difficulties and demands than was the TSG group. Our results provide a valuable
initial characterization of the complexity of self- and co-regulated learning in a complex,
dynamic technology-enhanced student-centered classroom. We discuss our findings in terms of
expanding existing conceptualizations of SRL, co-regulation, and the role of teachers and peers
as external regulating agents. We will discuss how the results will be used to inform the design
of new system features to support SRL and co-regulated learning.
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Table 1

Necessary Features for Each Type of Mental Models of Water Quality in a Watershed

1 No understanding demonstrated. Either no
concept map is drawn or the connections
drawn between factors are all or almost all
incorrect.

2 - Minimal understanding demonstrated.
Somc discrete linkages are made, but there is
no coherence. Some single level connections
are made (e.g., precipitation to runoff and
nitrogen, toxins, and land usage to water
quality), but there are more connections that
make no sense.

3 Some understanding of multiple levels of
causality is demonstrated. Bi-level causal
relationships are indicated. Precipitation or
land usage causes runoff and runoff contains
one or more chemical/physical pollutants.
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4 - A better understanding of multiple levels
of causality is demonstrated. Tri-level causal
relationships are indicated or the bi-level
relationships in score 3 are supplemented by a
new strand to the concept map. The former
would be illustrated by a map showing:
Precipitation or land usage causes runoff,
runoff contains one or more chemical/physical
pollutants, and one or more pollutants affect
pH or water quality. The latter would be
illustrated by a map showing: Precipitation or
land usage causes runoff, runoff contains one
or more chemical/physical pollutants, and air
temperature affects water temperature or water
temperature affects dissolved oxygen.

5 Breadth and depth are included in the
concept map. Tri-level causal relationships are
indicated and a new strand is added to the
concept map. For example: Precipitation or
land usage causes runoff, runoff contains one
or more chemical/physical pollutants, and one
or more pollutants affect pH or water quality
shows a tri-level map. The addition of air
temperature affects water temperature or water
temperature affects dissolved oxygen shows
breadth in the concept map.

6 - Breadth, depth, and the differences in the
water solubility of nitrogen and phosphorus
are demonstrated. The concept map has all of
the qualities needed for a score 5 plus it shows
that nitrogen comes from runoff while
phosphorus appears in sediments.

7 A third level of breadth is added. The
concept map has all of the qualities needed for
a score 6 plus it shows that BMP affects land
usage.
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Students' Pretest and Posttest Scores by Goal-Setting
Instructional Conditions
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Figure 3. Students' Pretest and Posttest Scores by Goal-Setting Instructional Condition.
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Mean Shift in Students' Understanding of the Complex
Varibales Related to Water Qulaity Issues from Pretest to

Posttest by Goal-Setting Condition
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Figure 4. Mean Shift in Students' Understanding of the Complex Variables Related to Water
Quality Issues from Pretest to Posttest by Goal-Setting Instructional Condition.

32



SRL and RiverWeb 33

Figure 5a. Concept Map created by Students in the Teacher-Set Goals Group.
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