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A leader who givestrust earns trust.
His profileis low, hiswords measured.
Hiswork donewell, dl proclam,
"look what we've accomplished!”
—L a0 Tsy, Tao Te Ching

Problem-based learning (PBL) and case-based learning are at least as old as apprenticeship among
craftsmen. In recent years, however, they have emerged as potentialy powerful teaching toolsin
reforming science education. One especidly notable festure is the prospect of teaching thinking skills
and nature of science, in addition to content. 'Y et various characterizations of the process—sometimes
profiled in direct contention with one another—can easly foster confusion about the features and virtues
of thisfamily of indructiond styles. Here we forsake programmetic labels and taxonomies in the
interest of clarifying some important distinctions or dimensions of the relevant teaching methods, while
profiling their corresponding strengths and limits. How do such differences matter concretely to
teachers and learners? Our primary focusis teaching science, dthough some of the ingtructional models
and techniques have been pioneered in other disciplines and we imagine that our andlysis may apply
more broadly.

Focusing on differences in pedagogica approaches encourages one to think more rigoroudy
about educationd ams. For example, is knowing content the ultimate am? To what degreeis
understanding scientific practice and its cultural contexts aso important? What about anaytica or
problem-solving skills? —Or learning how to learn beyond the classsroom? |s student motivation, or
engagement in learning, agoa? Does one hope to shape student attitudes about the vaue or authority
of science? —Or recruit more students into scientific careers, or promote greater gender baance?
What role is afforded to sudent autonomy, either in shaping one's own learning trgjectory or asa
product, reflecting student competency? Possible outcomes range from traditional conceptual content
to skills and affective properties. Different methods will foster different outcomes. Our god isto inform
teachers so that they may align desired aims with appropriate strategies or teaching tools.

Here, then, are comments on a series of sgnificant digtinctions (summarized in Table 1):

Case-based (Case study-learning) / Decontextualized

Most science textbooks present decontextualized, or abstracted, knowledge. Using cases,
however, stuates the knowledge in real-world contexts Here, the cases provide the primary
occasion for learning, rather than serve secondarily asillustrations or gpplications. The cases
are not supplementd sidebars, but are integra to the structure of learning.

Contextualization fogters two mgor effects. Firdt, it enhances learning by providing
associations that facilitate memory storage, retention and retrievd:  the knowledge is more
meaningful (*Stuated cognition? -- Brown). Second, it dso helps motivate learning. Cases



convey that the knowledge is relevant or useful, sometimes by showing its "human” dimension.
Such contextuad and human connections seem especialy important (in today's culture) in
fostering interest among women/girls and minorities (citations), as well as among non-mgors.
Such benefitsindicate the need for careful selection of casesto fit particular groups of students,
their contexts (age, locdity, culture), interests and levels of background knowledge.

Case-based learning, however, may not convey well the comprehensiveness or
organization of knowledge conveyed in more didactica gpproaches. That is, the forma
sructure of asubstantial domain of knowledge may not be evident when knowledgeis
accumulated by piecemeal sampling. (For example, a case may profile only afew—not al—
organdlesin the cdl, or afocus on the nitrogen cycle aone may forsake a broader awareness
of other minerd cycles and their generd role in ecosystems) Nevertheess, acarefully
constructed curriculum may use complementary cases to cover standard curricular content (see
Schwartz et d 1994). On the other hand, some evidence indicates that learning occurs
primarily, or most vividly, through exemplars (Gentner, Loewenstein & Thompson 2003;
Kolodner, JL., Hmelo, C.E. & Narayanan; Gentner & Colhoun 2008; +refs=?). One case or
example serves asamodd, or paradigm, for interpreting other smilar cases (Kuhn 1972, pp.
23,187-191).

For more on the benefits [and limits] of case-based learning generdly, see......

Problem-based / Narrative
Another way of providing context and motivation is by posing problemsfor studentsto solve.
Typicaly, such problems are rooted in cases (dthough they need not be, or the case itsdf may
be quite minimalistic). Nor isal cased-based learning problem-based. Cases may function
merely as narraives, or as a setting for knowledge. This may so even where a story (of an
important hitorica discovery, say) helps students learn about how a scientist encountered and
solved a problem.

In problem-based learning, the problem is posed to the student, who then takes an
activerolein solving it. Active learning —itsdf expressed in various ways— iswiddy
recognized as enhancing motivation aswell as depth and persstence of learning (Bonwel and
Eison 2001, Michad 2006) (see aso section on autonomy below). The introduction of cogent
problems thus tends to amplify the basic virtues of using cases themsaves — provided that the
problems are framed in ways relevant to the sudent. Almost any declarative knowledge can be
rephrased as a question or problem. However, just as a case must bejudicioudy selected, a
problem must be properly framed and contextuaized if it isindeed to be motivationd. The
teacher who begins, "Today we study the pancreas;, now, what is a pancreas?’, does not
engage student interest. Indeed, students can easily spot a'rhetorical problem’ or pseudo-
problem. 'Cookbook’ problem cases are no better than ‘cookbook’ labs. A teacher who
needs to inditute substantial external motivators for students to complete work, for example,
has probably not found the proper problems to inspire active, student-centered learning. One
may condder framing and contextudizing problems as one of the primary indructiona skills for
this mode of teaching.

In addition, engagement with problems introduces a deeper layer of thinking: about the
generation of knowledge, about the nature or quality evidence, about reasoning, etc. It may



foster ahabit of curiogty or of questioning assumptions. Problems tend to promote reflective
thinking.

Cases may certainly combine narrative and problems. One effective method
"interrupts’ agtory or punctuates it with a series of well contextuaized problems (Hagen,
Allchin and Singer 1996; Herreid 2005).

For more on the benefits [and limits] of problem-based learning generdly, see Duch,
Gron and Allen (2001), Hmelo-Silver (2004), Mgor and Pamer (2005). Thereisdso
subgtantiad relevant literature on the role of anomalies, 'discrepant events and ‘cognitive
dissonance in gimulaing learning.

Content-focused / Skill-focused / Context-focused
The pedagogica function of cases or problems can vary. In awiddy used modd (Barrows,
ref="), the problem is consdered primarily avehicle for learning content, which ultimately
answers the given question or solves the problem at hand. In other cases, the problem engages
sudentsin practicing or developing problem-solving skills through first-hand experience.
(Here, one needs to provide aframework for students to learn new skills, not just exercise
exiging abilities) Both styles, appropriately adapted, may aso help foster deeper
under standing of the nature of science, or of scientific practice, of how science works or of
the context of science, broadly speaking (see more below). However, learning about the
nature of science must be both explicit and reflective (Craven 2002; Schwartz, Lederman &
Crawford 2004, Scharmann et al 2005, Seker & Welsh 2005). That is, one must pose
problems specificaly about the nature of science and engage students in discussion. These
three ams are not necessarily mutudly exclusive. Some cases may well integrate these [, ...?
athough a the current time, such examples are rare 7| (see Hagen et d 1996, Allchin 2010).

The ultimate aim of education will be reflected in—and communicated to students most

vividly through—the forms of evaduation. Initiating efforts to teach problem-solving skills or
understanding of the nature of science may well require a shift in modes of assessment and/or
grading sandards. Teachers will surely benefit in any event by reflecting how the learning
objectives of their courses are coupled to the ways they ask students to demonstrate or exhibit
such learning.

Knowledge-generating / Knowledge-applying
The problems students encounter can be of two generd kinds: they can use knowledge that
already existsto solve or interpret a problem, or they can involve (or model) research that
generates new knowledge. (‘New', here, is defined relative to the sSudent.) Repairing a car
engineis quite different from designing one. Diagnosing a patient with an aready documented
disease is quite different from studying the etiology of awhally new disease. Theterms
'investigation, 'research’ or "problem-solving' are dl potentialy ambiguous, dencting either
dternative. But the processes of solving problems and judtifying conclusions are substantidly
different, and should be made clear. Students should ultimately appreciate the distinction:
cruddly akin to the difference between technology and science. Similarly, students should
appreciae the difference in cognitive processes. rationdizing a predetermined conclusion is
different from justifying a new discovery — the former highly subject to error (through



confirmation bias).

If the learning objectives emphasize content and/or its cultura contexts, one can
ostensibly focus on gpplications done. Students will draw on a known repertoire of
knowledge. (Thisistypica of problem cases or scenariosin medicine, law, business,
engineering, applied ethics, and other professond training—where PBL and CBL first emerged
most prominently. They are al based on precedent, even if the casesinvite creetively
recombining extant ideas) However, if the am isfor sudents to learn about the process of
science or research, the problems must be about developing knowledge: exploring genuine
unknowns (for the student) and creating knowledge, not merely finding and interpreting known
facts. Learning about the role of empirica evidence as afoundation of scientific knowledgeis
critica to shaping one dimension of epistemologicd beief: the source of authority in knowledge
(whether empiricism or omnisicence) (Schommer 1990).

In our view, the knowledge-generating/knowledge-gpplying distinction may be the
currently least appreciated distinction profiled here, fostering mgjor mideading or erroneous
impressions about the ams, benefits or structure of problem-based learning in science
education.

Historica / Contemporary
Cases may be historica or contemporary, or completed abstracted from any historical context.
Here, the rlevant dimension denoted as 'history' is largely whether the problem being
congdered has been solved or remains unsolved: what Latour (1987) denoted as " science-
made" versus "science-in-the-making.” The Status of the problem solution is critica to the
possible lessons that can be learned.

Contemporary cases often appedl to students by being relevant, "current,” or
fashionable. They convey that science is happening now, affording agreater sense of
immediacy or authenticity (Wong et d 2008). Students may even encounter Some cases in the
news—relevant just to the degree that sudents serioudy attend to current events. Current
problem cases that focus on the context of science can offer rehearsals for participating in
persond decison-making or socid policy in future life,, dthough care must be taken to enrich
the learning rather than merely echo existing perspectives.

Hisgtorica cases have their own virtues (Conant 1947; Hagen, Allchin and Singer 1996,
v-vii; Allchin 1997, 2010). Firg, the benchmark content knowledge in standard curricula
originated long ago. The strong pedadgogica congtructivist will thus look to history for clues
about how such concepts may be "constructed” from earlier facts and perspectives, aswell as
how they may be dternatively conceived or criticized. 1magine the sense of vaidation when
informing a student that the concept s/he just "discovered” is the same concept discovered
earlier by afamous scientist! Second, historical narratives are prime opportunities for teaching
about scientific practice. Where learning objectives include process of science skills, cases
rendered in historical context (say, through the eyes of a past scientist) recreate "science-in-
the-making." Students may participate in (re)generating knowledge at a conceptud level
corresponding to their own.

Third, history seems essentia for conveying certain lessons about the nature of science,
most notably about culturd bias in scientific ideas, conceptua change, uncertainty and error (or



how scientific knowledge— new findings, in particular—can be uncertain and/or provisond)
(Solomon et a 1992, Irwin 2000). Tentativeness of scientific knowledge, for example, has
been a pervasive learning god in science education for many decades (Lederman, Wade and
Bdl 1998), and condtitutes a Sgnificant dimension of epistemologica belief—the stahility of
scientific knowledge (Schommer 1990). To learn about conceptua change, however, one
idedly engages in and experiences the change. A case properly contextudized in history, not
rationally recongtructed, is essentia (Allchin 1996, 2004). To enable informétive contrast of a
reasonable "before” with a possibly unexpected "after,” the problem-solving episode must be
past and amenable to retrospective anadyss. Inasmilar way, to appreciate gender or racid
bias or other ways that cultural perspectives may sometimes become blindly naturdized in
science, one must be at arelaively remote vantage point to see the culture as culture. History
and historica perspective are indigpensable for such nature of science lessons.

Findly, historical casestend to change lesswith time. Thisyear's"hot" topic will be
"passd" soon, and the work assembling and refining a new contemporary case will sart dl over
again. Cost/benefit ratio of teacher preparation may be considered.

Open-ended / Close-ended
Does the problem have one (hidden) solution or many possible solutions? That is, in terms of
the student's problem-solving, is the process close- ended or open-ended? (Or, in terms of the
literature on creativity, is the cognitive process convergent or divergent?) Each type shapes
sudent motivation and understanding of science in subgtantidly different ways. A problem for
which there is asingle known solution places sudentsin a vulnerable position, much like a
teacher that "fishes' for the right answer in alecture class: such Stuaionstend to aiena
students (expressed as silence or acquiescence) and thus diminish the role of problems as
motivators. Some students, of course, revel in "puzzle-solving” (Kuhn 1972); others fed
threatened. Close-ended problems, das, can dso foster cheating or rationalization (working
backwards from a target solution), quite the opposite of what isintended. Where science
content and/or information-finding skills are the aim, PBL may tend towards close-ended
problems. But it need not. In biology, in particular, problems might be re-framed and
answered at different organizational levels smultaneoudy. Close-ended problems may dso be
used to help deveop problem-solving or andytica skills—but one then needs to carefully tailor
assessment accordingly, to promote and reward those skills, rather than just yidding "the right
answer." Findly, close-ended problems tend to support a naive epistemology of knowledge as
stable and authority based.

Open-ended problems, by contrast, tend to promote more cregtive skills and thus
motivate awider variety of sudents. Such types of problems aso seem essentiad for developing
an understanding that knowledge is generated empiricaly and that science, while evidence-
based, is contingent, sometimes underdetermined and provisona. Higtorica problems,
ostensibly dready solved, would seem to be closed-ended, but they can be stuated in their
origina context, in an open-ended framework where process and reasoning is more important
than any specific conclusion. (Indeed, it may be the teachers who face the greater chdlenge,
trying to temporarily blind themselves to known outcomesin order to focus on process aone.)



Redl cases/ Congtructed cases or problem scenarios
The cases that contextuaize knowledge may be drawn from red life examples, or they may be
imaginatively assembled for an educationd context. Constructed cases may be created to fit
particular needs. They may be as smple or complex as one wants. They may be fredly edited
and streamlined to highlight core concepts or learning ams. They are more reedily generdized.
On the other hand, such cases often carry an implicit aura of artificidity and risk diminishing
their motivationd vaue if the sudent fed s that they are contrived, not genuine.

Red cases, by contragt, are indeed authentic, although they are often "messy.” Still, the
"messness’ can bean assat. Firg, the unique congtdlation of particulars can help demongtrate
the sometimes unexpected ways in which different factors in science interact (sources of
funding, persondity, happenstance, etc.). Second, they can help students learn how to
negotiate in acomplex world, where one must sometimes recognize and tease out the relevant
variables on ones own. Third, they may aso be critical to shaping another basic dimension of
epigemologica belief: that the structure of knowledge can be complex, not dways smple
(Schommer 1990).

At an impressive extreme, students — even non-science mgors or K-12 students —
might participate in ongoing research. While tasks might not be any more demanding than
gathering data, sudents may certainly understand the context of the work, see closdy how it is
sructured, and take pride in contributing to developing origind scientific knowledge. [refs?]

Wil defined problems/ 111 defined problems/ Unspecified problems
Only some problems in the world (perhaps quite few) are well defined. A complete education
thus helps develop killsin articulating ill-defined problems One may aso help fogter kills
in posing problems. However, problem-solving skills themselves may well be developed
where the problem is dready well defined and appropriately "motivated." Of course, a
problem may be redefined or dissolved: that may be part of the "solution” (that the problem
wasill framed or ill concelved a the outset).

Il-defined problems are typically a sgnificant component in medical school problem-
based education, reflecting the centra role of diagnosisin clinical medicine—that is, of finding,
characterizing and identifying how or why the patient is not well. By contrast, casesused in
business schools or law schools tend to be more well defined, reflecting the custom of
addressing client-based problems. In ether case, refining or redefining a given problem— or
even dissolving it entirdy—may well enter the process en route to a"solution,” asfound in
scientific research aswell.

Problems may aso be unspecified in advance, contingent on students posing them (see
section on autonomy below).

"Paper" problem-solving / Investigative
Conventiondly, classroom lab exercises may be "wet" or "dry." That is, they may be done
materidly in alaboratory or intellectualy on paper—or today, aso virtudly/ dectronicaly via
computer smulations. While dmost dl commentators acknowledge the value of "hands-on" lab
work, costs, time and/or other resources may be limiting; hence, smulated aternatives can be
vauable (Yaron et d 2010). Computers, in particular, offer unprecedented opportunties



through savings in computational time and access to vast data resources, unthinkable in
education in earlier years. In some cases laboratory activities may be effectively inserted into
the course of a case study that is otherwise completed on paper. Care should be exercised, of
course, to articulate for students the difference between investigative labs (with genuine
unknowns) and demonstrations or observational activities (which may prove vauable for
other reasons, even if yidding explicitly expected results).

A specid category of investigative problem-based learning involvesrich data
sets—pre-established measurements or results that are vast enough for exploration, yet (in an
educationa context) have knowrvidentifiable boundaries. Students may thus pose origina
problems for which the data set may provide an answer. At the same time, one might entertain
such enterprises mindfully. Some students may not share the ingtructor's or other student's
enthusiasm for investigation, even if they are given the freedom to frame their own question.
Such students may thus become overwhemed, discouraged or even resentful.

Single-perspective / Multiple-perspective
Cases or problems may well be addressed cogently from a single prespective, such asa
dilemma-plagued agent or arenowned higoricd scientis. Simple cases limit the challenges and
streamline the process of problem-solving, perhaps appropriate in initid stages of learning.
Some cases are problematic, however, due to different perspectivesin solving the same
problem. Here, astudent learns, firgt, that problem-solving or research may not be exclusively
individud or univocd: that is, not according to some universd linear dgorithm (such as "the'
scientific method). Y et multiple perspectives may aso prove an assst, aswell. Other
viewpoints may reved dternative solutions not readily envisoned within a particular mindset or
background. One of the greatest benefits of smple discusson may be exposing sudents to
other perspectives and thereby deepening their awareness of alternatives and (one hopes)
broadening their repertoire of ways of thinking. Students themsdlves often report how much
they learn smply from listening to how other udents view the same "facts’ differently.

Cases with multiple perspectives offer opportunities to teach about socid dimensions of
developing knowledge and solving problems. Socid epistemology, for example, has been
highlighted recently by philosophers of science (Longino 1990; Goldman 1999, 2002; Solomon
2001), aswdll as by science educators (Osborne 2010; +refs?). When varying perspectives
interact, one can enhance ways to anayze a problem or imagine its solution. Here, one may
guide students in learning discoursive kills, such as active ligening, critica to such forms of
socid leve andyss. Even criticiam may have apositive role in exposing weak assumptions or
increasing rigor of evidence, highlighting the value of developing tolerance of criticism asan
emotiond or attitudind skill. In yet other cases, where interpretations conflict, students may
learn Kkillsin negotiating solutions or finding creative ways to accommodate apparently
incompatible views (Fisher, Ury & Patton 1991). Thus, case-based or problem-based learning
may adopt the familiar forms of a debate or role-play smulation (for well developed complex
examples, see Dunn et a 2009; Allchin 2009a, 2009b; Montgomery 2010). Role-play
activities provide students additiona grounding through a concrete perspective for interpreting a
case or problem. Unfamiliar roles (or sSides in adebate) can aso enhance gppreciation of
dternative perspectives. Even where students continue to work primarily on their own,



however, one may ill find afruitful learning role for exchange of multiple perspectives.

Collaborative / Individua
Like other forms of education, case-based or problem-based learning may be either individua
or collaborative. For more on the benefits and limits of collaborative learning in generd, see
<refs>.

Collaborative problem-solving often involves specid skills, such as brainstorming and
supportive critique, which idedlly become part of ingtruction. Collaboration should be further
distinguished from ‘cooperation’, or 'group work', where the product does not document or
acknowledge the individua contributions of each group member. That is, collaborative work
mantainsindividua accountability, whether each student is respongble for afull product (case
andysis, problem solution report, essay, exam, etc.) or for adiscrete, identifiable portion of a
find work product.

Collaboration may be exercised on severd levels— in pairs, in small teams (say 3-6),
or evenin large groups. Some exercises, such asamodd UN, modd Congress, or Global
Climate Change Summit smulation may include dozens or hundreds of students. Role-play
amulations (mentioned above), especidly, can dlow for cregtive synthess among many unique
student contributors within the same class, and thus exhibit the power of collaborative
engagement. Fragments of information for solving acomplex problem may wdl be artfully
digtributed among different roles, to help illugtrate the potentia vaue of collaboration.

While collaboration offers many potentid benefits, working jointly on one problem may
be at odds with the motivational am associated with an individua pursuing a problem of
persond relevance. Evenif thereis aconsensus or joint decision-making process, the shared
problem may not engage dl participants equaly. Role-playing may be an effective pedagogica
drategy for fostering a sense of persond responsihility through avicarious "as-if" scenario.

Scope of Case/Problem
The scope or magnitude of the case or problem itsef may vary substantialy. For the sake of
sorting, it may be appropriate to label three smplelevels. Firg are vignettes or short stories.
These are the type that can easily be inserted in alecture format, say, and probably focus on
only one rdlatively narrow question or problem. Second are one-day lessons. These might
include a series of short problems, or one problem that can be conveniently solved (and negtly
packaged) in one class period. Findly, there may be mgjor projects that extend over severa
class periods, weeks, or the bulk of a semester where the complexity of the problem alows (for
examples, see Tewksbury [1999], based on geology and the Aswan Dam, or Klassen [2006],
based on the eectrodynamics of the Transatlantic Cable). To the degree that scienceis
complex, and that education implicitly frames expectations beyond the classroom, teachers may
well be encouraged to include some complex case studies or problems at some point in their
courses, as an indication of the "real world" and as an occasion for developing interpretive and
organizationd skills appropriate to such stuations. One may aso sructure a series of lessons
through alineage of problems—asis frequently aready done in teaching transmisson genetics,
atomic modds, or the wave/particle nature of light (see biology text by Mix, Farber & King,
1996, organized on this principle).



Scaling problems gppropriately aso has an important affective dimension, rdevant to
the long-term motivationa context. In introducing problem-based learning, especidly, one
should aim to create initial successful experiences to promote attitudes towards further work (or
at least averting a sense of failure that discourages future effort!). Coping with perceived
"falure’ as an outcome—or as a potentiad opportunity for learning—may itsdf be agod, but
may well be reserved for more "advanced” levels.

Levels and Dimensions of Student Autonomy
Perhaps most important, case-based or problem-based learning tends to resonate strongly with
the pedagogica ided of student-centered learning. At oneleve, thismerdy expressesa
professond ethic of respect for students At another level it underscores the observation that
what teachers teach is not necessarily what learners learn. Genuine learning—that is both
meaningful and long-lasting—needs to attend (at least) to students cognitive orientations,
epecidly their motivationsto learn. Learning is most effective when students adopt
respongbility for their own learning. Montessori educationa philosophy classicaly underscores
this dimension in early childhood education. Probelm-based learning is perhaps the educator's
primary tool for fostering such afruitful learning environment.

Education ultimately grives (idedlly) to prepare students to function independently,
or autonomously: to use or apply the knowledge they acquire, to solve problems, and to
continue to learn on their own. Such respongbility will likely develop gradudly. The
educationd setting may thus structure different levels of sudent autonomy, building increasing
independence. Condder, for example, a series of challenges posed by Kugler (199-) to his
introductory college biology students. Firgt, they must explain why a particular experimenta
control is appropriate in agiven lab. One lab later, they must identify the appropriate control
themsdves. In the next lab, they sdlect their own variable to investigate and the corresponding
control. Findly, they must assemble aresearch proposa, which is peer reviewed in class—and
the "winner" becomes the activity for the whole class. Here, autonomy is eegantly expanded
stepwise.

Students aso need support or guidance in adopting new responghbilities. Developing
autonomy has affective as wel as cognitive dimensons. Dumping problems on students with
little additiond guidance will likely dienate students and sour the teacher-student relationship
fundamenta to continued learning. Equally problemétic are projects where students breeze
through cases usng known drategies, not learning anything new:  problems should chdlenge
gudents. Ingruction may well begin with modeling skills: providing behaviord exemplars that
can be readily gpplied to smlar cases or through smple andogy. In addition, problem-solving
activities should be scaffolded, or given an incomplete but supportive structure. Teachers may
note that problem-solving in knowledge-generating cases may smultaneoudy yield aform of
basic epigemologica learning: thet is, coming to understand thet the ability to learn occurs
incrementaly, based on learning how to learn, and that it is not fixed (or innate) (Schommer
1990).

Effective indruction will thus be mindful of different ways that autonomy may be
exercised:

* sdecting the problem



Student selection of the problem may contribute to the "buy-in" that makes the learning
exercise persona. But it need not. Some problems may be justified as of genera
enough interest, or in aframework of public responghbility.

One danger, here, isthat while the student may choose the problem, s’he
generdly does not have the option of not choosing a problem (say, because there is
nothing of intrindc interest). Here, the god of using context as amoativetor islog.

defining the problem

* securing relevant background information and resources

Does the teacher ever answer a question with anything other than another question?
Depending on the local ams, the teacher may provide plentiful background information,
including standard lectures, or the student may be responsible for finding al such
information (perhaps with guidance & the level of how to find that information), or there
may be some intermediate form of support, suitable to the ams and occasion a hand.

articulating methods/ designing investigations
solving the problem

Problem-solving actvities may be teacher-guided or student-directed. Guided work
may be more important than earlier imagined (Mayer 2004, Mingtrell and Kraus 2005),
a leagt initidly. Again, one responshility for the ingtructor isto be familiar with (or pre-
asess) student ahilities, to frame the problems a an achievegble level. Even where
students have autonomy, the teacher has a critical role as advisor, coach, and possibly
resource guide.

» fadilitating discussion

Where problem-solving is collaborative, an important role is facilitating discussion.
Teachers may adopt thisrole initidly, again to mode appropriate skills, or to monitor
and adjust progress along the way. Alternatively, sudents may be encouraged to
develop such skills, sometimesin small groups.

* negotiating solutions

Summary

An important dimension of collaborative work is developing consensus where
interpretations differ, epecidly by apped to evidence and reasoning, rather than
externa authority (the Indtructor, say, or the "Right Answer™). Persuasion,
argumentation, active lisening, revisng, and accomodating conflict cregtively are among
the skills to be addressed in a compl ete problem-solving education.

Instructional strategies labeled as " problem-based learning” and " case-based learning” embrace awide
range of independent methods. We advocate being aware of the variants, rather than trying to enforce
grict definitions. Instead, the educator should be mindful of the individua festures or dimensions of this
family of rdaed ingtructiond methods. The am, presumably, is to enrich sudent learning, not to
defend, promote or criticize any particular school of teaching.

In additon, educationa research on PBL or case-learning needs to articulate the relevant
variables aong with their corresponding effects. Much research on efficacy of PBLis multivariate and
falsto clarify the rdationship between the particular dimensions of teaching noted above and particular



effects for learners (for example, motivation, atitudes towards the subject, autonomy in problem-
solving, reductionistic problem-solving biases, nature-of-science understanding, €tc.).

Most important, it may be prudent to acknowledge that case- or problem-based learning
gpproach are not a panaceafor any deficit in science education. They aretools. When used
appropriately, atool can be useful. We advocate the prudent use of appropriate tools for particular
contexts. That may well include a continued partid role for lecture in conveying certain forms of
knowledge, especidly its overdl structure and organization.

Having acknowledged the limitations, however, let us also underscore the opportunities offered
by case-based and problem-based ingtructional methods. We thus encourage teachers to include them
in ther toolkit' and look actively for occasions where they will enhance student learning, both
motivationaly and in depth of understanding. For example, one can hardly learn problem-solving skills
without engaging problems. Posing problemsfor sudents thus seems a centra tool for much andytica
and creative kill development. Likewise, participation in knowl edge-generating cases, whether direct
or vicarious, seemsintegra to learning or gppreciaing the nature of scientific research. Similarly,
historical cases seem important to learning certain core nature of science themes. Findly, to develop
more sophigticated epistemological beliefs—foundationa to continued and autonomous learning—
students need exposure to complex cases (structure of knowledge), historical cases (stability of
knowledge), knowl edge-generating cases (source of authority in knowledge), and successful
experience in problem-solving (nature of the knower).

We hope to sengtize case-users to be dert to the style of ingtruction that is used or implied in
each case they encounter. We a so encourage those who present cases or archive them for public use
to fully characterize their cases dong these dimensions, to assst usersin finding appropriate cases or
interpreting their progpective uses.
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Table 1. Key dimensions shaping learning environments and outcomes
in case-based and problem-based learning.

Case-based or decontextualized?

Problem-based or narrative, or integrated?

The focusis content, problem-solving skills, or context of
science—or some combination?

Problems apply knowledge or generate new knowledge?

Caseishigtoricd or contemporary?

Caseisred or constructed?

Solution(s) is open or closed?

Problem iswell defined, ill-defined or unspecified?

Work is on paper, smulated on computer, or involves lab?

Andyss adopts single perspective or multiple perspectives?

Andyssis collaborative or individud?

Scope of problem/scale of casework?

Leve/dimengons of sudent autonomy?



