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1986). Two di�erent sources of the bene�ts of exam-ples have been proposed, however | learning whilestudying the examples themselves (Sweller & Cooper,1985; VanLehn, Jones, & Chi, 1992), and later ana-logical use of the examples during problem solving(Anderson, 1987; Pirolli, 1991; VanLehn et al., 1992).Sweller and Cooper (1985) claim that students cane�ectively learn procedures by studying annotatedexamples with minimal instructional text, and thislearning can be more e�ective than unguided problemsolving. Sweller (1988) further argued that cognitiveload can be reduced and problem solving schemas canbe built more easily by studying examples. Indeed, ifa problem solving episode contains extensive searchand error recovery, students have di�culty learningfrom the experience (Lewis & Anderson, 1985). Theimportance of learning from examples is also sug-gested by evidence that the way students study exam-ples greatly a�ects subsequent problem solving per-formance | the degree to which students explain in-structional examples to themselves determines howmuch is learned from them (Chi, Bassok, Lewis,Reimann, & Glaser, 1989). Furthermore, problemsolving rules can be acquired as a result of this self-explanation process (VanLehn et al., 1992). Theseexample generalization models suggest that problemsolving knowledge is critically acquired while study-ing examples. In fact, Sweller and Cooper (1985) ar-gued that unguided problem solving is a poor learn-ing device and should be used only as motivation forstudents to attend to the examples.What knowledge is gained by solving problemsthat could not be acquired by studying examples?In knowledge compilation models, construction ofproblem solving knowledge critically relies on apply-ing knowledge to solve problems (Anderson, 1982,1987). This view claims that studying an exampleproduces a declarative representation that can guidesearch and thereby facilitate constructing a solutionon problems similar to the example. A critical tenetof this view is that problem solving is required toform problem solving rules (Anderson & Thompson,



1989; Pirolli, 1991). Similarly, in VanLehn et al.'s(1992) CASCADE model, students' explanations ofexamples are later used analogically to facilitate solv-ing similar problems, leading to more e�ective ruleconstruction.In summary, a critical part of problem solvingknowledge appears to be acquired when studentsstudy examples (Sweller & Cooper, 1985; VanLehnet al., 1992). However, in knowledge compilationmodels, the process of studying examples itself canonly result in declarative knowledge, and studentsmust draw upon this knowledge to solve problemsin order to acquire problem solving skill (Anderson,1987; Pirolli, 1991). The present experiment exam-ines the contributions of studying examples and prob-lem solving to the acquisition of problem solving skillin a domain.If the bene�t of studying examples derives at leastin part from applying an example to help solve alater problem, then this bene�t should be reduced ifthe subjects' ability to access information from theexample is hampered. In all of Sweller's experimentsdemonstrating the e�ectiveness of examples for learn-ing, source examples were immediately followed byrelevant target problems drawing on the knowledgeexempli�ed in the prior example. In contrast, if thesource examples were separated from later relevanttarget problems, then subjects would have to selectwhich prior example is applicable, and may have torely on only partially complete memories of the exam-ples. In knowledge compilationmodels, learning fromexamples requires using them to guide later problemsolving, hence separating target problems from rel-evant examples should interfere with learning. Onthe other hand, if students acquire su�cient problemsolving skill by studying examples, as argued by ex-ample generalization models (e.g., Sweller & Cooper,1985), then separating the target problem from thesource example should not a�ect later problem solv-ing e�ectiveness or learning outcomes. The presentexperiment examines these hypotheses.ExperimentWe constructed source and target problems in aLISP programming curriculum that overlapped inthe subskills necessary for their solution. We manip-ulated the order of problems (alternating or blockedsources and targets) and the activity on the sources(study examples or problems to solve). Subjects inthe two \alternating" conditions saw each source (1a,2a, etc.) immediately followed by the related tar-get problem (1b, 2b, etc.), while subjects in the two

\blocked" conditions were given all the sources fol-lowed by all the targets (see Table 1). Subjects inthe two \example" conditions studied annotated ex-amples as their source problems, while subjects in thetwo \solve" conditions solved their source problems.Subjects could not access previously seen examplesor problems. Subjects in each condition solved thesame target problems.The two central predictions of knowledge compi-lation theories concern (1) the e�ect of separatingexample sources and targets, and (2) the e�ect ofsolving a block of sources rather than studying themas examples.First, will separating example sources from targetsto be solved hamper learning? According to the ex-ample generalization view, learning from examplesoccurs solely while subjects study the examples, sothe sequence of examples and problems should nota�ect subjects' performance. Alternatively, if exam-ples facilitate learning not only because of the elab-orations subjects generate while studying them, butalso when they are forced to draw on their mentalrepresentation of the example to guide later problemsolving (Anderson & Thompson, 1989; Pirolli, 1991;VanLehn et al., 1992), then separating a source ex-ample from similar target problems should hamperlearning, because selecting and remembering an ex-ample may be less successful. The comparison of theAlternating Example and Blocked Example groupsevaluates this hypothesis.A second test of whether the bene�t of examplesdepends on their use during problem solving con-cerns the comparison between the two blocked condi-tions. In previous studies, Sweller and Cooper (1985)found that studying worked out examples led to bet-ter learning outcomes than solving the same prob-lems. Their support for this assertion relied on inter-spersing source examples with target problems (in-tended to motivate subjects to attend to the exam-ples). If the bene�t of the examples depends in parton their use during problem solving, then the advan-tage of studying source examples relative to solvingthem should be reduced if the targets are not inter-spersed. Thus, if sources and targets are presentedin a blocked format, knowledge compilation theories(e.g., Anderson, 1982; Pirolli, 1991) predict that theadditional practice the solve condition receives mayoutweigh the guiding bene�t of the examples, lead-ing the Blocked Solve subjects to perform better thanthe Blocked Example subjects.Finally, in the case where the sources should beaccessible because they immediately precede targets,



AlternatingExampleExample 1aSolve 1bExample 2aSolve 2b...Example 4aSolve 4bExample 5aSolve 5b...
AlternatingSolveSolve 1aSolve 1bSolve 2aSolve 2b...Solve 4aSolve 4bSolve 5aSolve 5b...

BlockedExampleExample 1aExample 2aExample 3aExample 4a...Solve 1bSolve 2bSolve 3bSolve 4b...
BlockedSolveSolve 1aSolve 2aSolve 3aSolve 4a...Solve 1bSolve 2bSolve 3bSolve 4b...Table 1: Tasks for each condition. A's are sources and B's are targets. Identical numbers are similar to eachother.the predictions of knowledge compilation theories areless clear. In this situation, is it better to study thesource example or solve the source as a problem? Re-call that Sweller and Cooper (1985) found a stronglearning outcome advantage for studying source ex-amples rather than solving them. Knowledge com-pilation models would also predict some advantagein studying the example, because the example canbe used analogically to guide problem solving on thetarget (Anderson, 1982; Pirolli, 1991), and limitingsearch and error recovery facilitates rule formation(Lewis & Anderson, 1985). On the other hand, thesolved sources may also serve, to some extent, asanalogical sources to guide problem solving duringthe targets (Faries & Reiser, 1988), and provide ex-tra practice to potentially tune and strengthen prob-lem solving knowledge. The prediction of examplegeneralization theories, however, are clear: Studyingsource examples should produce better learning out-comes than solving source problem.The contrasting predictions are summarized in Ta-ble 2.MethodThe subjects were 40 undergraduate paid volun-teers from Princeton University and other nearbycolleges.1 Ten subjects were assigned to each condi-tion, approximately matched on Math SAT. All sub-jects had taken no more than one semester of com-1Data from 3 potential subjects were not used becauseof computer crashes and data from 1 potential subject werenot used because the subject took over 2 standard deviationslonger than the next slowest subject.

puter programming and had no prior knowledge ofLISP.Apparatus and Materials: Subjects workedthrough two chapters of an introductory LISP text-book (Anderson, Corbett, & Reiser, 1987) usingBATBook, an electronic book and problem solvingenvironment (Faries & Reiser, 1988). Expositorytext, examples, and problems were all presented onBATBook. Subjects read the textbook displayed onthe computer screen, and could search the text forany target word or phrase. The examples containeda problem statement, a program that solved the prob-lem, and several sentences of explanation describinghow the program satis�ed the problem's constraints.Subjects worked on assigned problems in BAT-Book's LISP window (consisting of a simple editorand LISP interpreter). Subjects could test their pro-grams on their own data and submit answers theyconsidered correct. BATBook accepted correct solu-tions, or brie
y pointed out data for which the pro-gram produced an error or incorrect result. Subjectscould give up after three incorrect attempts and seea correct answer. While studying worked out exam-ples or working problems, subjects were free to searchthe expository text. However, they did not have ac-cess to prior examples or their prior solutions at anytime. BATBook records all interactions, includingtime spent reading each page, searching, studying ex-amples, and problem solving attempts.Learning Session: Subjects were given a briefdemonstration during Chapter 1 to familiarize themwith the learning environment, including reading andsearching the text and solving problems. Subjectsthen studied examples, solved problems, and read the



Theory Predictions ReasonRules Alternating Example better than Examples must be used during problemCompiled Blocked Example solving; blocked examples are less accessible.while Solving Blocked Solve better than Examples are poorly remembered.Problems Blocked Example Blocked Example has less practice.Alternating Example equal to Learning occurs while studyingSkill Blocked Example examples. Equal number of examples.Learned Blocked Example better than Learning occurs while studyingwhile Studying Blocked Solve examples, not solving problems;Examples Alternating Example better than Solving problems motivatesAlternating Solve subjects to attend to examples.Table 2: Predictions of Knowledge Compilation versus Example Generalization theories.remaining text at their own pace. All subjects weregiven the same sequence of study examples and prob-lems to solve in Chapter 1. Chapter 2 implementedthe learning conditions shown in Table 1. There weresix sources and six targets; subjects in the two solveconditions solved twelve problems and saw no exam-ples, subjects in the two example conditions studiedsix examples and solved six problems.Posttest: A posttest consisting of three near trans-fer problems followed the learning session. Subjectswere free to test their programs in the LISP window,but unlike the learning session, they received no feed-back when they submitted answers to the posttestproblems.Results and DiscussionWe examined the time to study or solve source prob-lems, the time required to solve target problems, theaccuracy of �rst solutions to each target problem,and the accuracy of the submitted solutions to theposttest problems. We measured program accuracyby counting the minimum number of program com-ponents to be added, deleted, or replaced to renderthe program a correct solution.Learning Session, Chapter 1: Students solved over98% of the problems correctly in Chapter 1. As ex-pected, there were no di�erences in overall time or so-lution attempts, all F's non{signi�cant. These resultssuggest that subjects were appropriately matched inability level between conditions, and reached equallevels of pro�ciency on the material prerequisite tothe experimental manipulations in Chapter 2.Does separating source examples from target prob-lems hamper learning? Knowledge compilation the-ories argue that learning from studying examples re-

quires applying information from the example to theproblem to be solved, so separating target problemsfrom the example sources should hinder learning.Thus, we expected the subjects who solved a targetproblem immediately after the source example (Al-ternating Example) to learn more than subjects whostudied a block of source examples followed by a blockof solving target problems (Blocked Example). Asexpected, subjects who solved problems interleavedwith examples took less time on the target problemsthan subjects who studied a block of source examplesand a block of target problems (see Figure 1), Tukeytest, p < :05. The accuracy of �rst solution attemptsdid not di�er for the Alternate Example conditionand the Blocked Example conditions (85% vs. 78%),Tukey test, p > :10. The solution time advantagecan not be attributed to di�ering levels of motiva-tion to attend to the examples; subjects spent equaltime studying examples, F < 1. The posttest results(Figure 2) were consistent with the learning sessionresults. Subjects in the Alternating Example condi-tion submitted more accurate solutions than subjectsreceiving blocked examples, Tukey test, p < :05.Is solving sources better than studying examplesif the examples are not accessible during subsequentproblem solving? Our second test of the knowledgecompilation view compares subjects who solved ablock of source problems (Blocked Solve) to thosewho studied the same block of examples (BlockedExample). We expected the Blocked Solve sub-jects to exhibit superior problem solving and learn-ing, since Blocked Example subjects may have di�-culty drawing upon the examples to guide later prob-lem solving. The additional opportunities to prac-tice and tune problem solving rules would thereforeoutweigh the potential facilitating e�ects of guid-
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Figure 1: Time spent on Chapter 2 sources and prob-lems. Error Bars are S.E.M.ing examples. Consistent with this hypothesis, sub-jects in the Blocked Solve condition solved the tar-get problems faster than subjects in the Blocked Ex-ample condition, F (1; 35) = 11:2; p < :01. Again,there were no di�erences in accuracy of �rst solu-tions, F (1; 35) = 2:05; n:s. Furthermore, subjects inthe Blocked Solve condition performed better on theposttest than subjects in the Blocked Example con-dition, F (1; 35) = 5:2; p < :05.Taken together, these two results provide strongsupport for the knowledge compilation view andagainst the extreme form of the example generaliza-tion view. These results suggest that source examplesderive their bene�t not only from the elaborationssubjects form while studying them, but also whenthey access their memories of examples while solvinglater problems. If subjects are not able to recall arelevant example, the bene�t of these elaborations isreduced. Subsequent problem solving appears to berequired to derive the full bene�t of studying exam-ples.Accessible sources: solving versus studying. Whensubjects solved a target problem immediately afterstudying or solving the source, they were presum-ably better able to recall the details of that prob-lem. In this situation, the example or prior solution
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Figure 2: Grades on the Posttest.is presumably available to guide problem solving onthe target problem. Here, there are con
icting fac-tors predicted by knowledge compilation: solving thesource creates more opportunities for practice, andsolved sources may be able to be used analogically toguide problem solving on the targets. However, if theproblems are di�cult enough, then the subjects' ownsolutions may contain extensive search and error re-covery, and hence may be di�cult to use as analogicalsources.Here the results were somewhat puzzling. Sub-jects who studied examples interleaved with prob-lems took somewhat longer to solve the target prob-lems than the subjects who solved all the problems inan interleaved fashion, though this di�erence is notreliable, F (1; 35) = 2:68; p < :12. The accuracy ofthe �rst solutions for Alternating Example and Al-ternating Solve subjects also did not di�er (85% vs.87%), F (1; 35) < 1. However, subjects in the Alter-nating Example condition performed better on theposttest than did subjects in the Alternating Solvecondition, F (1; 35) = 4:3; p < :05. Evidently, the ex-amples helped Alternating Example subjects learnmore, but did not enable them to solve the targetsmore quickly.The comparison between the two alternating con-ditions is intriguing. Subjects solving problems in an



interleaved fashion solved the target problems fasterthan subjects who studied examples in an interleavedfashion, though there was no di�erence in grades dur-ing acquisition. Even though subjects who studiedexamples took somewhat longer, their time was wellspent: they performed better than all other condi-tions on the posttest. Our explanation for this resultis that when subjects study the example, they encodeit into declarative memory. If they have access to thisinformationwhen they solve a problem (the Alternat-ing Example subjects), they use the example to buildrules that are applicable for both the example andthe problem. Subjects who have reduced access tothe example (the Blocked Example subjects) 
oun-der when solving the target problem, which leads tomediocre rule{formation. Perhaps subjects who solveboth sources and targets (the Alternating Solve andBlocked Solve conditions) build one set of rules forthe source, and another related set of rules for thetarget problem, resulting in a greater number of rulesthat are less e�cient. Furthermore, they may havemore practice with other aspects of the task itselfthat do not a�ect posttest performance, such as un-derstanding and responding to the system's debug-ging feedback. Because their set of rules is not as gen-eral as the subjects in the alternating example con-dition, they do not perform as well on the posttest.This analogical process to build general rules may nothave been as fast as solving both source and target,but the process appears to have resulted in betterrule acquisition.In summary, studying examples is clearly a verye�ective method to improve learning. In order for anexample to be most e�ective, however, the knowledgegained from the example must be applied to solvinga new problem. The most e�cient way to presentmaterial to acquire a skill is to present an example,and then a similar problem immediately following.We hypothesize that this presentation method allowssubjects to construct rules that are general enough towork for both the example and the rule. Althoughthe extra practice solving sources may speed targetproblem solving, apparently more e�ective problemsolving rules are formed when target problem solvingcan be guided by an accessible source example.ReferencesAnderson, J. R. (1982). Acquisition of cognitive skill.Psychological Review, 89, 369{406.
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