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Beyond the Term Paper: Exploring the Environment 

 

Abstract 

 

This paper examines the Exploring the Environment Project, a four-year effort to 

provide  interdisciplinary, problem-based learning modules to classrooms via the 

World Wide Web.  The project included teacher professional development 

focusing on implementing PBL and infusing technology into the classroom.  

Seven teachers who have attended the training and implemented the modules for 

two to four years were asked to respond to a survey. The survey asked them to 

reflect on students' mastery and retention of content; transfer of content to other 

areas; skill in the use of technology; and skill in problem solving and research.   

The survey also addressed recommendations to other teachers, assessment, and 

advantages and disadvantages of the PBL approach.  Results supported the PBL 

literature in that students can be presented with a real-world, ill-structured 

problem that engages them in critical thinking.  Teachers contented their students 

became better thinkers and group members and gained ownership and school-to-

work skills.  A challenge presented by these methods was the time it took to train 

students, set expectations, develop the teaching skills, and still cover mandated 

state curricula. 

 

 

Introduction 

The Exploring the Environment Project (ETE) at the Center for Educational 

Technologies (CET) is in its fourth year of offering problem-based, interdisciplinary 

modules to middle and high school students over the World Wide Web (WWW).  Began 

in 1994, as part of a NASA effort to demonstrate the use of the Internet and NASA 

technology in the classroom, ETE features problem-based learning (PBL) as the method 

of engagement.  This paper outlines problem-based learning and how it is integrated into 

the ETE project's design and development.  It reports on the teachers' assessment of the 

project's impact in terms of process and content.  It also reflects on those variables 

necessary for successful implementation. 

 

Problem-Based Learning Environments 

A growing body of science educators state that students should learn science as a process 

and should engage in meaningful, relevant tasks that allow them to interpret their world 

in scientific terms (Tobin, Tippins, Gallard, 1994).  The National Science Education 

Standards (NSES) (NRC, 1996) strongly endorse science as inquiry for the development 

of students' abilities and understanding.  Through inquiry-based science, students make 

use of small group discussions, labeled drawings, writings and concept mapping to 

identify current explanations.  The National Science Foundation (1996) elaborates 

further: 

 All students should be expected to attain a high level of scientific and 

mathematical competency. 
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 Students should learn science and mathematics as active processes focused on a 

limited number of concepts. 

 Curricula should stress understandings, reasoning, and problem solving rather than 

memorization of facts, terminology, and algorithms. 

 Teachers should engage students in meaningful activities that regularly and 

effectively employ calculators, computers, and other tools in the course of 

instruction. 

 Teachers need both a deep understanding of subject matter and the opportunity to 

learn to teach in a manner that reflects research on how students learn (p. 4). 

 

Various organizations (e.g., the NRC, 1996; AAAS, 1993; BSCS, 1995; and the NSTA, 

1992) have suggested how systemic change in science classrooms may be achieved 

through the development of new standards.  A high degree of congruency exists across 

these standards.  They emphasize student-centered classrooms, problem solving, critical 

thinking, the promotion of skills for life-long learning, collaborative or cooperative 

learning, teachers as mentors, and the use of technology in the classroom.  Unfortunately, 

teachers often find that subscribing to new theories such as these is easier than applying 

them in the classroom.  The standards, based on constructivist philosophy, have not yet 

been accepted by the whole educational community; they are, however, part of a growing 

and significant paradigm shift in the educational community (Tobin, et al., 1994). 

 

Problem-Based Learning meets all of the criteria laid out above for inquiry-based science 

classrooms through its constructivist orientation to teaching and learning.  PBL is 

designed to facilitate active student participation, foster problem-solving and 

metacognition, enhance self assessment, and increase student ability to access and use 

information (Dunlop, 1997; Seifert, 1997).  Using PBL, students confront an "ill-

structured" real-world problem in which they identify current knowledge, develop a plan 

for investigation, then conduct research, analyze data, and develop conclusions or 

recommendations.  Students demonstrate their knowledge through the generation of a 

product or performance. 

 

Using design principles from the constructivist perspective as laid out in Savery and 

Duffy (1996), PBL environments anchor learning in a larger problem, and students 

engage in authentic tasks — assuming ownership of the process used to develop a 

solution.  Students also test ideas against alternatives and reflect on both the content and 

process.  Using these principles as guidelines, teachers can create PBL activities in 

support of their curriculum objectives using scenarios that motivate and engage learners 

(Stepien, 1998). 

 

Design 

In support of students' investigations, the ETE/PBL model has been adapted from several 

sources (Barrows, 1988; Stepien, 1998; Torp & Sage, 1998).  Using this PBL model, 

students: 

1. read and analyze the problem scenario,  

2. list hypotheses, ideas, or hunches,  

3. list what is known,  
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4. list what is unknown (here students develop a list of questions that need to be 

answered),  

5. develop a plan for research/investigation,  

6. develop a problem statement,  

7. gather information, and 

8. present findings.   

Steps may be visited several times or even consecutively as student groups uncover new 

information, which often leads to new questions. 

 

The ETE web site contains a number of scenarios designed to engage students in 

addressing an ill-structured natural or human-induced hazard.  Below is a problem 

scenario designed around the plight of the Mountain Gorillas in Rwanda. 

 

Situation 

What is the worth of preserving an endangered species? The mountain gorillas 

of Central Africa are one of the closest relatives of humanity, and they are 

indeed endangered. They are few in number--only about 600 are left in the 

world--and they reproduce slowly. About half of them live in the Bwindi 

Impenetrable Park in Uganda, and the rest live in the Virunga Mountains, a 

chain of towering volcanoes divided between three nations: Rwanda, Uganda, 

and The Democratic Republic of Congo (formerly Zaire). Although officially 

protected, many factors make the gorillas' hold on life precarious. Their small 

numbers and restricted range mean that disease or natural disasters may destroy 

them. The gorillas are threatened even more by contact with humanity. The 

gorillas' homes are two small islands of pristine rainforest surrounded by some 

of the most densely populated and heavily farmed lands in the world. The 

people are among the poorest in the world, and the rate of population growth is 

one of the highest. The land on which the gorillas live could be converted to 

farmland to produce much-needed food; the wood of the rainforest could be cut 

down for shelter or fuel for heating and cooking. 

 

The gorillas' homes are also tiny islands of peace surrounded by the storms of 

human strife. Over half-a-million people were killed during the mid-1990s in 

two successive civil wars driven by ethnic hatred in Rwanda and Congo. 

Another two million became refugees, and many still cluster on the borders of 

the gorillas' forest homes for over three years now.  

 

Your group has been contacted by a coalition of concerned persons from 

Rwanda, Uganda, the Congo, and other nations and organizations around the 

world to help them find the best solution to this potentially tragic collision 

between humanity and nature. The coalition is particularly interested in a 

thorough evaluation of the social, economic, and environmental factors 

affecting the gorillas' survival. Your group is also charged with making 

recommendations concerning how to deal with the situation in a manner 

satisfactory to all vested interests. Should your recommendations indicate an 
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unfavorable forecast for one or more of the stakeholders in this situation, 

recommend actions to address or alleviate the problem.  (ETE, 1997) 

 

Using this scenario, students go through the PBL process laid out above.  The ETE site 

contains relevant information about the region, Rwanda, and the gorillas.  Teachers are 

free to modify the scenario to better address their curricular objectives.  This flexibility of 

PBL makes it adaptable to more than one level of learner and to multiple disciplines, e.g., 

biology, earth science, geography, etc.  For example, teachers could narrow the scope of 

the students' problem statement to only the endangered species, or they could include the 

entire social, political, and economic mosaic of the region.  The scope of the effort will 

depend on factors such as time available, curricular goals, and the learners' background. 

 

The teacher's role is to facilitate, support, and scaffold students through the PBL activity; 

he or she may have to intervene a great deal with younger or inexperienced students, or 

very little with more sophisticated students used to operating in inquiry-based 

environments.  Process skills are particularly important in PBL exercises and some 

preparation time is usually required to prepare students for open-ended problems, 

collaboration skills, self-directed learning, and metacognition  (Achilles & Hoover, 1996; 

Sharan & Sharan, 1992).  Because a PBL classroom is so markedly different from a 

traditional teacher-centered one, it is particularly important to set students' expectations 

so that they will understand that a different paradigm is at work.  Setting expectations 

also serves to keep students' anxiety at a moderate level. 

 

It is safe to say that PBL is not the most widely used method in K-12 education.  Its goals 

and objectives such as higher order thinking are worthy, yet Airasian and Walsh (1997) 

caution that constructivism provides a useful model of knowing and learning that is 

descriptive but not prescriptive.  They point out that constructivist orientations take time 

for teachers and students to learn to perform in these classrooms; teachers need new 

questioning and responding skills; and students have to learn to think for themselves.  To 

do this, they state:  “Teachers will have to serve as initiators of activities that will evoke 

students’ interest and lead to new constructions and as critics of the constructions that 

students produce” (p. 448).  Airasian and Walsh also point out that teachers and schools 

will have to question whether to cover a large amount of content at a shallow level or to 

cover a smaller amount of content in great depth.  This is one of the reasons we have 

continued to assess the project's impact on students. 

 

Project History 

Over the course of the ETE project, the development team has assessed the impact of the 

project, especially from the aspect of teacher preparedness.  Many of the teachers 

participating with the ETE project were with the project for a period of four years. They 

attended a week-long summer workshop that emphasized PBL and the use of technology.  

In 1997 the ETE development team reported that students' end-of-module papers, written 

after engaging in an ETE PBL module, were significantly better for those students whose 

teachers had attended the ETE summer workshops  (Myers, Botti, & Pompea, 1997).  In a 

follow-up study, the development team suggested that the more years (zero, one, or two) 

teachers attended the ETE summer workshop, the better their students did when reporting 
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that they understood complex issues, understood the problem solving process, and felt 

they were more involved with an ETE/PBL than in normal classroom activity (Myers & 

Botti, 1998). 

 

Teacher Assessment of the ETE Project's Impact on Teaching and Learning 

As of this writing, the project has been active for four years.  A survey was administered 

to seven of the teachers who have participated for all or part (two or more years) of the 

project.  The teachers come from across the United States and teach grades 8 through 12.  

The subject matter is some form of science and the students range in ability from at-risk 

to college bound. ETE was usually used in elective classes.  The important point is that 

ETE was used more in supplemental courses, as opposed to core courses such as biology, 

chemistry, or algebra — although it has been used occasionally in core courses.  The 

purpose of the survey was to solicit teachers' responses concerning the PBL/ETE 

environment and their use of it in their classrooms.  Specific questions were asked about 

students' motivation, growth in content knowledge, implementation, and assessment. 

 

Teachers' Experience with PBL   

Two of the seven teachers had been conducting some form of group investigations before 

they started the ETE project.  A dominant theme was that what they had been doing in the 

past was not as structured or focused as the ETE/PBL environment.  One teacher 

commented that the ETE modules introduced rural students to world problems and 

situations that students could relate to; they know this is a real-world problem and are 

interested because it is not simply an exercise.   

 

Students' Mastery of Content 

Nearly all teachers agreed that their students were learning meaningful material.  One 

WV teacher reported that her SAT9 text scores for her 11
th

 graders were the highest in 

the state.  She attributed this to the increase in average scores of lower level students who 

took her Chem Tech course.  Using PBL, she opined that her students became better 

thinkers as a result of experience interpreting data and conducting analyses.  Another 

replied that through the use of PBL, her evening science class went from having no 

interest in answering questions to thoroughly enjoying answering questions at varying 

levels of cognitive complexity.   

 

Two teachers raised important questions about the use of the ETE/PBL approach.  One 

said that the PBL environment requires that the teacher buy into the idea that "less is 

more."  By this he meant students were allowed to spend more time focusing on a limited 

amount of content and were allowed to develop a firmer knowledge base.  He said that 

from individual assessments the students showed better mastery of the research topics 

they worked on.  The second teacher who strongly believes in PBL said that it was 

difficult to determine if the students had better mastery as he did not have a standardized 

test to give them.  He felt that the state-mandated curriculum was so packed with content 

requirements that it was becoming increasingly difficult to cover everything.  He added 

that they were at the point of having to decide whether to give up process skills because 

of the emphasis on covering the prescribed content. 
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Use of Technology 

By the very nature of ETE as a site on the web, it seems reasonable to assume that those 

students engaging in one of the modules would either have or would soon obtain Internet 

navigation and related skills.  All teachers reported gains in technology skills.  One 

reported that the proficiency of his students on computers and utilizing technology had 

given them life-long, work-related skills.  The chem tech teacher said that after using 

ETE, computer-based learning, and Texas Instruments calculators in her class, these 

lower-level students mastered more advanced technology skills than many of her honors 

students.  "These students," she said, "work with new teams and help them set up their 

technology.  It really does wonders for the self esteem of these students." 

 

Problem Solving Skills 

One teacher put it succinctly when she said: "students become more aware that problem 

solving isn't just a math term — that we encounter problems daily that need to be solved, 

and that it's easier if we collaborate to find solutions."  Another reported that his students' 

problem solving skills had increased to the point that many students became leaders in 

groups outside of his class.  Their self confidence had increased to the point that they 

were the first to tackle any new problem or situation.  And last the chem tech teacher said 

she believed that her students' increase in standardized test scores reflected students' 

increase in problem solving abilities.  The standardized test questions were often 

formatted to present a scenario or data set which students had to interpret.  "ETE 

provides," she said, " a variety of experiences that helps students prepare for the SAT9 

format. 

 

Teamwork Skills 

From the answers in this area, it appeared that better teamwork skills came 1) because the 

nature of the PBL approach required cooperation and 2) because the teachers purposely 

stressed the skills necessary to operate in this environment.  One teacher said that 

teachers must be deliberate if these experiences are to enhance group skills.  This teacher 

devoted time to improving respect and communications, and he ended the units with self 

assessments.  Another teacher added that students learned to accept responsibility for 

timeliness and to listen objectively to others' contributions.  Peer pressure played a big 

role remarked this teacher.  And last, one teacher had the students prepare a team 

evaluation rubric.  "When they know that they are being evaluated on specific skills," she 

said, "students are more aware of the need to develop the skills.  Peer pressure to measure 

up to a standard is a very helpful motivator." 

 

Research Skills 

A teacher in Washington State wrote:  "students needed to go beyond the obvious to find 

solutions and to use various sources to get verification of information."  Another extolled 

the virtues of ETE/PBL when more than copying and pasting is acceptable:  

Many students believe that when doing research, plagiarism is acceptable.  To 

some students, "research" means finding the "answers" and copying them down.  

I notice that ETE students are not as apt to do this because they can't find the 

"neatly canned answers in the textbook."  They must write their own 

impressions and solutions based on data they find online and offline.  They need 
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to present logical arguments for a position and these students soon realize that 

there are no neatly packaged articles to copy.  It is also nice to see them realize 

that their own ideas have importance and worth (Conway, 1999). 

 

PBL and Classroom Implementation 

One teacher mentioned some students had difficulty developing time management skills.  

If the project was due a few weeks away, it appeared that students wasted time until panic 

sat in at the eleventh hour.   

 

This valid observation speaks to the support needed in PBL classrooms.  One teacher 

advised: 

 Be organized. Set your goals for each class period.  Let students know what these 

goals are and what your expectations are for them during that particular class 

period.  At the beginning of the project, give students the long-term project goals. 

 Listen to your students and involve them in their evaluation.  Peer evaluation has 

value and students are fair-minded and often more critical than the teacher. 

 Have some method of keeping students on track and accountable at all times.  If 

this is lacking, there will be mischief and wasted time.  Use logs, progress checks, 

daily reports, oral status reports, and give students written feedback on their work 

every class period. 

 

Other teachers suggested starting slowly by adapting something you already do, and be 

willing to make minor shifts into a PBL mode.  Be willing to adapt the ETE modules for 

your own teaching style, time constraints, and curriculum. 

 

Assessment Techniques 

Teachers reported using a variety of traditional and alternative assessment techniques.  

Many used rubrics to set expectations and most depended upon both group and individual 

assessment.  One teacher was very structured and used multiple methods:  students' 

presentations, round-table discussions, reports and logs on problem-solving progress, 

team evaluations of peer's involvement, and student-prepared web pages.  The latter was 

the most elaborate scheme presented.  This teacher reported that students felt they were 

treated fairly, and the administration appreciated a concrete method to back up grades.  

This teacher also passed out rubrics prior to the unit so that students knew what was 

expected of them. 

 

Transfer to Other Areas 

One teacher wrote: "the PBL model has helped students identify and analyze large, 

complex problems which incorporate other content areas, such as math, reading, social 

studies and writing."  Another added:  "the multidisciplinary nature of the modules and 

the resulting projects is always an eye opener.  I can see them think differently.  They are 

less opinionated; they tend to explore all sides to every story, trying to get at the real 

problems associated with it.  By being involved in an actual situation it gives them 

ownership.  Once emotions are involved, along with an in-depth understanding, students 

gain a feeling of accomplishment and can transfer that to any other subject."  Last, the 

teacher of the lower-level chem tech students wrote: "one thing I really like about ETE is 
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the interdisciplinary aspects of the program.  PBL often takes students to areas like 

history, economics and math as they work through the course of the year.  Although the 

writing style is still very rough, students begin to realize the importance of making 

complete statements that contain original ideas that are not plagiarized." 

 

Advantages of the ETE/PBL Environment 

Teachers zeroed in on real-world connections as the number one advantage.  This was 

followed closely with enhancement of collaboration skills and building problem solving 

skills.  Frequently mentioned were the emphasis on critical thinking and the transfer of 

skills to the workplace.  Teachers also addressed the interdisciplinary nature of this 

approach and the fact that students were presented with intellectual challenges not 

ordinarily faced in traditional classrooms. 

 

Disadvantages of the ETE/PBL Environment 

Teachers were not as effusive when it came to disadvantages of the ETE/PBL 

environment.  Time and organization were predominant in their answers.  Time to 

implement PBL and work on a problem was difficult, especially with a standard 

curriculum of "must cover" topics on the burner.  One teacher mentioned that students are 

not learning the same exact material and may even go off in different directions.  This 

situation made it difficult to focus on a district's curriculum. 

 

Effects of Professional Development and Support 

A combination of summer workshops, colleague and administrative support, and the 

wherewithal to forge ahead were cited as key factors in support of the project.  Teachers 

were close to unanimous is stating that the professional development workshops they 

attended were essential to helping them implement the ETE/PBL program. Most 

commented that it was best to have colleagues from the same school attending these 

workshops.  The reason being that they needed support on a daily basis — someone to 

use as a sounding board — as they implemented ETE/PBL in the classroom.  One teacher 

stated that the workshops provided ideas for facilitation, hands-on experience in using the 

modules, and essential instruction concerning the technology. 

 

Those teachers working alone said that it was difficult and challenging.  Their peers were 

not interested in taking risks and wondered about the time involved.  One teacher even 

resigned as a member of the local teachers' union because he wanted to spend more time 

doing ETE/PBL with his students than the union permitted.  

 

Conclusion  
Both the feedback from teachers who have been implementing ETE/PBL for a two to 

five-year period and the previous project studies (Myers, Botti, & Pompea, 1997; and 

Myers Botti, 1998) support what the literature tells us about PBL.  Students can be 

presented with an ill-structured problem and begin a problem solving sequence that 

engages them in real-world issues, leading to critical thinking.  Students are motivated by 

the ownership they experience from designing their own problem statement, then 

researching that problem and coming back with a product that demonstrates 

understanding.  School-to-work skills are acquired, especially in critical thinking, group 
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processes, and computer use.  Students also learn to interpret data sets and difficult 

scenarios.   

 

On the other hand, it takes time to develop a classroom environment in which classes of 

students engage in ETE/PBL.  To arrive at a point where the teacher's confidence and 

skill level matches a new set of expectations on the behalf of students, may take two to 

three years.  As stated in Sharan and Sharan (1992), students will profit from a deliberate 

training program to increase skills in classroom discussions and in working in groups.  In 

fact, comments from some of the teachers indicate they implemented a very structured 

program to address these skills.  An example is the teacher who had a specific objective 

for each day's class.  Time is increasingly difficult to find, however, especially when 

teachers are pressed to cover a prescribed curriculum. 

 

The ETE teachers spoke to beliefs about teaching and learning when asked if anyone 

could implement this project.  One teacher said one had to believe in constructivism to be 

successful.  Further, if one were more comfortable with divergence, tolerance to noise 

and classroom activity, and was willing to put in the time and effort required, then it was 

likely that ETE/PBL methods would be successful.  Another teacher said that one must 

be willing to allow students to leave the traditional "seats in rows" atmosphere.  She also 

felt that experienced teachers with good classroom management skills would have an 

advantage in implementation. 

 

One teacher commented in a survey that he was not comfortable with the fact that his 

students seemed to be all over the place and that they were learning at different rates.  His 

observation provides a good opportunity for elaboration on what a PBL environment is 

meant to do.  PBL is not meant to be a free for all.  Execution of PBL environments 

requires a support structure.  This structure may not be apparent to the casual observer, 

but it is vitally important for successful PBL learning activities.  A teacher has to keep 

the curriculum's goals and objectives in mind and be creative in structuring the PBL 

experience and scenarios such that they will lead students in the right direction.  

Classroom reflection is also an essential ingredient in PBL environments where student-

centered group work is ongoing.  Reflection helps to pull students back to a common 

ground when they appear to be going in too many directions.  And, when students get 

lost, it becomes the teacher's responsibility to provide the appropriate amount of direction 

or scaffolding to get them back.  To decide when to intervene is an art that comes with 

experience and intuition.  Teachers have to maintain a careful balancing act between 

being overly directive on one hand and allowing too much freedom that results in wasted 

time on the other. 

 

The professional development workshops conducted for ETE teachers appear to have 

been instrumental in modeling for the teachers what they can do in an inquiry-based 

classroom.  Some of the ETE teachers attended these workshops for three years, gaining 

insight and expertise at each iteration.  Not only did the workshops help them with the 

fundamentals of implementing PBL and classroom technology, but they also provided a 

support group of teachers around the country.  This was important since most of the 

teachers were the only representative from their schools.  When they returned full of new 
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ideas and courage to begin, they often got the support they needed from teachers outside 

their schools. 

 

As in the case of those teachers Palmer writes about in The Courage to Teach (1998), it 

takes a courageous willingness to step out in to a vulnerable area to try something 

different.  The teachers working in the ETE/PBL environment took the risk and in many 

cases, were rewarded and amazed by what their students could do.  They have come 

away with an additional tool to use in the classroom, and as reported by Nuthall and 

Alton-Lee (1990), a variety of methods and techniques will contribute to long term 

retention. 

 

Still, a lot of work remains to be done.  We need to find structures to better integrate 

process and content such that students can do both without sacrifice to competing 

demands from mandatory content standards and tests.  Teachers can also profit from 

professional development in a supportive environment that allows them to refine, reflect, 

and accommodate new teaching tools.    

 

References 

 
(AAAS) American Association for the Advancement of Sciences  (1993).  Benchmarks for 

Science Literacy:  Project 2061,  New York: Oxford University Press. 

Achilles, C.M., & Hoover, S.P. (1996, November).  Exploring problem-based learning (PBL) in 

grades 6-12.  Paper presented at the annual meeting of the mid-south Educational Research 

Association. Tuscaloosa, AL. 

Airasian, P.W., & Walsh, M.E.  (1997, February). Constructivist cautions.  PHI DELTA 

KAPPAN,  pp. 444-449. 

Barrows, H.S.   (1988).  The tutorial process. (Revised ed.)  Springfield, IL: Southern 

Illinois University School of Medicine  
(BSCS)  Biological Sciences Curriculum Study (1995).  Redesigning the Science Curriculum: A 

Report on the Implications of Standards and Benchmarks for Science Education.  Colorado 

Springs, CO: BSCS. 
Conway, K.  (1999).  [Problem-based learning survey}.  Unpublished raw data. 

Delisle, R.  (1997).  How to use problem-based learning in the classroom.  ASCD. 

Dunlap, J.C. (1997, February). .   Preparing students for lifelong learning:  A review of 

instructional methodologies.  Proceedings of Selected Research and Development 

Presentations at the Association for Educational Communications and Technology 

Conference, Albuquerque, NM. 

ETE (1997).  Exploring the Environment.  http://www.cotf.edu/ete. 
Myers, R.J., & Botti, J.A.  (1998). Exploring  the Environment, Problem-Based Learning in 

Action. Presented at the annual meeting of the American Educational Research Association 

meeting. San Diego, CA. 

Myers, R.J., Botti, J.A., & Pompea, S.M. (1997, March).  Design, development, and 

implementation of an inquiry-based, technology-rich, science curriculum.   Presented at the 

annual meeting of the American Education Research Association, Chicago, IL. 

(NSF) National Science Foundation (1996).  The Learning Curve: What We Are Discovering 

About U.S. Science and Mathematics Education.    Washington, DC:  Division of Research, 

Evaluation and Communication, Directorate for Education and Human Resources. 



  Beyond the Term Paper 

 12 

(NRC)  National Research Council (1996).  National Science Education Standards.  Washington , 

DC: National Academy Press. 

Nuthall, G., & Alton-Lee A. (1990).  Research on teaching and learning: Thirty years of change.  

Elementary School Journal, 90,  546-570. 

(NSTA) National Science Teacher’s Association (1992).  Scope, sequence, and coordination of 

secondary school science, in Volume 1:  The Content Core: A Guide for Curriculum 

Designers.  Washington, DC: National Science Teachers Association. 

Palmer, P (1998). The Courage to Teach : Exploring the Inner Landscape of a Teacher's Life.  

Jossey Bass Publishers. 

Savery, J. R., Duffy, T. (l994). Problem-based Learning: An Instructional Model and It's 

Constructivist Framework. Educational Technology, Sept-Oct, 1995, 31-38. 

Seifert, E.H., & Simmons, D.  (1997, March).  Learning centered schools using a problem-based 

approach.  NASSP Bulletin, 81 (587), pp. 90-97. 

Sharan Y. and Sharan, S.  (1992).  Expanding Cooperative Learning Through Group 

Investigation.  New York:  Teachers College Press. 

Stepien, W.J.  (1998).  Making the "Linc". http://www.dupage.k12.il.us/linc/guide.htm 
Tobin, K., Tippins, D.J., & Gallard, A. J. (1994).  Research on instructional strategies for 

teaching science.  In D.L. Gabel (Ed.) Handbook of Research on Science Teaching and 

Learning. A project of the National Science Teachers Association.  New York: Macmillan. 
Torp L., & Sage. S.  (1998)  Problems as Possibilities:  Problem-Based Learning for K-12 

Education,  ASCD. 

 

 

http://www.dupage.k12.il.us/linc/guide.htm

