


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                    
                

                
                    
                        
                            
							
                        

                    

                

                
                    	
                            Log in
                        
	
                            Upload File
                        


                

            


            
                
                    	
                            Most Popular
                        
	
                            Art & Photos
                        
	
                            Automotive
                        
	
                            Business
                        
	
                            Career
                        
	
                            Design
                        
	
                            Education
                        
	
                            Hi-Tech
                        


                    + Browse for More
                

            

        

    



    
        
            
                
                

                
                	Home
	Documents

	The effect of talk and writing on learning science: An...



                




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

29
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            

            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
                        

                        
                        

                    

                

            

            
									
    
        
        

        

        

        
        
             2000 John Wiley & Sons, Inc. The Effect of Talk and Writing on Learning Science: An Exploratory Study LE ´ ONARD P. RIVARD Colle `ge universitaire de Saint-Boniface, 200, avenue de la Cathe ´drale, Saint-Boniface, MB, R2H 0H7, Canada STANLEY B. STRAW University of Manitoba, Winnipeg, MB, Canada Received 30 March 1998; revised 26 May 1999; accepted 19 June 1999 ABSTRACT: This study investigated the role of talk and writing on learning science. The purpose was to explore the effect of talk, writing, and talk and writing on the learning and retention of simple and integrated knowledge, and to describe the mechanisms by which talk and writing mediate these processes. Forty-three students were randomly assigned to four groups, all stratified for gender and ability. At intervals during an instructional unit, three treatment groups received problem tasks that involved constructing scientific expla- nations for real-world applications of ecological concepts. A control group received sim- pler descriptive tasks based on similar content. Students in the talk-only treatment group (T) discussed the problem tasks in small peer groups. Students in the writing-only treatment group (W) individually wrote responses for each of the tasks, but without first talking to other students. Students in the combined talk and writing treatment group (TW) discussed the problems in groups prior to individually writing their explanations. Dependent varia- bles included simple, integrated, and total knowledge scores based on multiple-choice tests, essay questions, and concept maps obtained at three timepoints during the study: a pretest; an immediate posttest; and a delayed posttest. Records of student talk and writing were also analyzed to describe the mechanisms involved. The findings suggest that talk is im- portant for sharing, clarifying, and distributing knowledge among peers, while asking questions, hypothesizing, explaining, and formulating ideas together are all important mechanisms during peer discussions. Analytical writing is an important tool for transform- ing rudimentary ideas into knowledge that is more coherent and structured. Furthermore, talk combined with writing appears to enhance the retention of science learning over time. Moreover, gender and ability may be important mediating variables that determine the effectiveness of talk and writing for enhancing learning.  2000 John Wiley & Sons, Inc. Sci Ed 84:566– 593, 2000. Correspondence to: L. Rivard; e-mail: [email protected] Contract grant sponsor: Social Sciences and Humanities Research Council of Canada 
        

        
    






				            

        

    









                
                    The effect of talk and writing on learning science: An ...media.kenanaonline.com/files/0020/20490/Rivardstraw.pdfThe Effect of Talk and Writing on Learning Science: An Exploratory


                    
                                                Download PDF
                        
                        Report
                    

                    
                        	
								Upload

									nguyennhan
								

							
	
                                View

                                    218
                                

                            
	
                                Download

                                    2
                                

                            


                    

                    
                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                            
Pinterest

                        

                    


                    
                

                

                    
                    Embed Size (px)
                        344 x 292
429 x 357
514 x 422
599 x 487


                    

                    

                    
                                        Citation preview

                    Page 1
						
						

SCE (WILEJ) LEFT BATCH
 shortstandardlong
 � 2000 John Wiley & Sons, Inc.
 The Effect of Talk and Writing onLearning Science: An ExploratoryStudy
 LEONARD P. RIVARDCollege universitaire de Saint-Boniface, 200, avenue de la Cathe´drale, Saint-Boniface,MB, R2H 0H7, Canada
 STANLEY B. STRAWUniversity of Manitoba, Winnipeg, MB, Canada
 Received 30 March 1998; revised 26 May 1999; accepted 19 June 1999
 ABSTRACT: This study investigated the role of talk and writing on learning science. Thepurpose was to explore the effect of talk, writing, and talk and writing on the learning andretention of simple and integrated knowledge, and to describe the mechanisms by whichtalk and writing mediate these processes. Forty-three students were randomly assigned tofour groups, all stratified for gender and ability. At intervals during an instructional unit,three treatment groups received problem tasks that involved constructing scientific expla-nations for real-world applications of ecological concepts. A control group received sim-pler descriptive tasks based on similar content. Students in the talk-only treatment group(T) discussed the problem tasks in small peer groups. Students in the writing-only treatmentgroup (W) individually wrote responses for each of the tasks, but without first talking toother students. Students in the combined talk and writing treatment group (TW) discussedthe problems in groups prior to individually writing their explanations. Dependent varia-bles included simple, integrated, and total knowledge scores based on multiple-choice tests,essay questions, and concept maps obtained at three timepoints during the study: a pretest;an immediate posttest; and a delayed posttest. Records of student talk and writing werealso analyzed to describe the mechanisms involved. The findings suggest that talk is im-portant for sharing, clarifying, and distributing knowledge among peers, while askingquestions, hypothesizing, explaining, and formulating ideas together are all importantmechanisms during peer discussions. Analytical writing is an important tool for transform-ing rudimentary ideas into knowledge that is more coherent and structured. Furthermore,talk combined with writing appears to enhance the retention of science learning over time.Moreover, gender and ability may be important mediating variables that determine theeffectiveness of talk and writing for enhancing learning.� 2000 John Wiley & Sons, Inc.Sci Ed84:566–593, 2000.
 Correspondence to:L. Rivard; e-mail: [email protected] grant sponsor: Social Sciences and Humanities Research Council of Canada

Page 2
						
						

EFFECT OF TALK AND WRITING 567
 SCE (WILEJ) RIGHT BATCH
 shortstandardlong
 Top of RHBase of RH
 Top of textBase of textINTRODUCTION
 According to the National Science Education Standards, the goal of science literacy forall will necessitate the creation of active learning environments in which students constructknowledge and achieve understanding of fundamental scientific ideas while engaging indiscourse within the classroom learning community (National Research Council, 1996).However, studies over the last decade have suggested that the actual situation may be quitedifferent from this vision of science education for the twenty-first century. The NationalAssessment of Educational Progress (NAEP) reported that science instruction in the UnitedStates is predominantly accomplished by teacher lecturing (Mullis & Jenkins, 1988), whichis drastically different from the science teaching envisioned in the National Science Ed-ucation Standards. Anderson and Roth (1989) stated that the typical science class is taught“without concern for integrating that knowledge with students’ personal knowledge andwithout the rich conceptual coherence needed to make the knowledge useful in explainingreal-world phenomena” (p. 273). Brophy and Alleman (1991) suggested that classroomactivities, by and large, embrace low-level routine learning tasks and do not place “muchemphasis on developing understanding of content or applying it in meaningful ways” (p.10). Furthermore, evidence from various assessments suggests that students experienceconsiderable difficulty applying science concepts in their explanations of everyday eventsand phenomena (Cole, 1990; Lapointe, Mead, & Phillips, 1989; Science Council of Can-ada, 1984). These observations suggest that science classrooms are, for the most part,passive learning environments in which students generally have few opportunities forintegrating their knowledge into an elaborate, coherent conceptual system (Newmann,1988; Reif & Larkin, 1991).
 Science educators have argued that science classrooms ought to be active learning en-vironments in which students construct personal meanings within the classroom commu-nity (Erickson & MacKinnon, 1991; Roth, 1990). Many research studies have documentedscience classrooms in which students are active learners, interacting with peers on cog-nitively engaging problem-solving tasks within a collaborative learning environment (Al-exopoulou & Driver, 1996; Audet, Hickman, & Dobrynina, 1996; Keys, 1996; Meyer &Woodruff, 1997; Palincsar, Anderson, & David, 1993; Roth, 1994a, 1994b). The objectiveof the present process–product study was to determine the effect on science learning ofusing problem-solving tasks in which students used language, either individually or col-laboratively with peers, to explain real-world applications of ecological concepts. More-over, qualitative data obtained during the study provided rich descriptions of the discourseprocesses that occurred during peer interactions and while writing.
 Theoretical Perspective
 One of the assumptions underlying the National Science Education Standards is that“student understanding is actively constructed through individual and social processes”(National Research Council, 1996, p. 28). Constructivism posits that personal knowledgeand understanding result from the myriad connections that learners make while integratingnew information with prior knowledge. Constructivist ideas about learning have beenembraced by scholars in both literacy (Bruner, 1986; Greene & Ackerman, 1995) andscience education (Appleton, 1997; Driver, Asoko, Leach, Mortimer, & Scott, 1994; Tobin,1993). Some constructivist approaches have emphasized the personal construction ofknowledge in which the individual’s idiosyncratic experiences within the learning envi-ronment are paramount, whereas others have underlined the importance of social processes
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 den, 1994; Vygotsky, 1978). Fosnot (1993) argued that science education would benefitfrom a synthesis of these two perspectives. We believe that language-based learning strat-egies can be effectively orchestrated in the science classroom for achieving this synthesis.Classroom activities that feature listening, talking, reading, and writing can all be used toenhance the cognitive processing of information.
 The role of talk in learning has been described by scholars both within and beyond thescience education community (Barnes, 1976; Britton, 1982; Bruner, 1986; Corson, 1988;Lemke, 1990; Pea, 1993; Prawat, 1993; Schoenfeld, 1989). For instance, Britton (1982)theorized about how understanding might be enhanced through talking:
 We come to an understanding in the course of communicating it. That is to say, we setout by offering an understanding and that understanding takes shape as we work on it toshare it. And finally we may arrive co-operatively at a joint understanding as we talk orin some other way interact with someone else. (p. 115)
 Prawat (1993) has argued that there is “a dialectical relationship between individualknowledge, arrived at by reflecting on one’s own activity, and knowledge that is sociallymediated or jointly agreed on” (p. 11). This mediating role of oral language is consistentwith instructional models that have embraced the notion that knowledge is coconstructedor socially constructed within a sociocultural context (Brown, Collins, & Duguid, 1989;Hatano & Inagaki, 1991; Resnick, Levine, & Teasley, 1991; Rogoff, 1990; Rogoff &Lave, 1984; Tharp & Gallimore, 1988). Bruffee (1993) put it succinctly: “knowledge issocially constructed and learning socially interdependent” (p. 155).
 The use of writing as a learning strategy has received considerable theoretical supportfrom scholars in a variety of disciplines (Applebee, 1984; Barnes, 1976; Britton, 1989;Howard, 1988; Langer, 1986; Resnick, 1987; Scardamalia & Bereiter, 1986; Schumacher& Nash, 1991; Vygotsky, 1962). Studies of writing-to-learn have generally been inter-preted using a “depth-of-processing hypothesis,” which suggests that different writingtasks prompt learners to invoke different cognitive strategies for processing and encodinginformation (Langer & Applebee, 1987, p. 92). For instance, tasks such as listing, defining,or describing require that learners simply focus on one or more concepts in isolation,usually one at a time, whereas analytical tasks such as explaining real-world applicationsof scientific concepts demand that learners connect these into an integrated web of mean-ing. McGinley and Tierney (1989) argued that writing tasks can provide the “means or‘routes’ for ‘traversing a topical landscape’ . . .” (p. 249), and that “knowledge is bestacquired by traversing [a topic of study] from a variety of perspectives” (p. 250).
 Research studies support the use of both talk and writing as teaching and learningstrategies (Durst & Newell, 1989; Gaskins et al., 1994; Hayes, 1987; Langer & Applebee,1987; Newell, 1984, 1986; Rivard, 1994). However, talk and writing, used separately, maynot be quite as helpful for conceptualizing relationships as a strategy that combines themin order to obtain the benefits of both modalities (Olson, 1994; Thaiss, 1988). Tishmanand Perkins (1997) suggested that “written language, stabilized on paper, invites kinds ofreflection not so natural to oral exchanges” (p. 371). In comparing talk and writing, Goody(1994) observed that writers demonstrate more abstract thought, are more objective andexplicit, elaborate in greater detail, and tend to be more rigorous in their treatment of thetopic. Although writing may be a powerful tool for structuring knowledge, talk is stillimportant for generating, clarifying, sharing, and distributing ideas. Halliday and Martin(1993) suggested that:
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 is wave-like and gains power by its intricacy. . . . Writing putslanguage in chains; itfreezes it, so that it becomes a thing to be reflected on . . . Writing deprives languageof the power to intuit, to make indefinitely many connections in different directions atonce, to explore (by tolerating them) contradictions, to represent experience as fluid andindeterminate. . . . But . . . indestroying this potential it creates another one: that ofstructuring, categorizing, disciplinizing. It creates a new kind of knowledge: scientificknowledge. (p. 118)
 Talk and writing are therefore complimentary modalities. The use of writing as an instru-ment for learning underlines the personal construction of knowledge, whereas the use oftalk for learning is consistent with social constructivist thought. An instructional strategyencompassing both should enhance learning more than another using either of these twolanguage modalities alone.
 Asking students to explain scientific phenomenon, either orally or in writing, shouldenhance their content understanding (Fellows, 1994; Martin, 1970; Perkins & Blythe,1994; Prain, 1995; Schumacher & Nash, 1991). Brown and Campione (1990) argued that“the burden of explanation is often the push needed to make students evaluate, integrateand elaborate knowledge in new ways” (p. 114). In studies of writing to learn, Newell(1986) observed that explaining enhanced content learning more than notemaking or an-swering study questions.
 Although philosophical views about the nature of explanation vary within the sciencecommunity, three different conceptions have generated much debate (Thagard, 1989). Theinferential conception considers explanation to be a logical argument consisting of a seriesof statements or propositions (Hempel, 1965). The erotetic conception sees explanation asan answer to a why-question (Braithwaite, 1953; Bromberger, 1966; van Fraassen, 1987;Weaver, 1964), whereas the causal conception views the explanation of a phenomenon as“laying bare its inner workings, its underlying causal mechanisms” (Kourany, 1987, p. 24;Salmon, 1987). Moreover, Horwood (1988) decried the way in which explanation has beeninterpreted in the science classroom. For Horwood:
 Description is purely information and the bits of information are isolated from any networkor relatedness. An explanation is given when connections are drawn between and amongpieces of information. (p. 41)
 Questions that ask students to explain or make explicit the subtle relationships betweenand among concepts, as well as to make connections between classroom events and dailylife, should enhance learning (Raphael & Gavelek, 1984; Sawyer, 1991; Shepardson &Pizzini, 1991).
 Some investigators have recommended the use of particular learning and teaching strat-egies for making the science classroom more gender-inclusive or gender-free (Adams,1992; Baker & Leary, 1995; Davis & Steiger, 1994; Rosser, 1990; Scantlebury & Kahle,1993; Smail, 1987). For instance, Adams (1992) recommends the use of learning strategiessuch as sharing ideas, classroom dialogue, peer discussions, concrete experiences, andjournal activities. Baker and Leary (1995) reported that females “expressed strong feelingsfor more interaction with their peers in their repeated requests for group work, partners,and more discussion” (p. 9). More recently, Burkam, Lee, and Smerdon (1997) suggestedthat greater use in the science classroom of “problems with practical implications andopportunities for creative solutions, and active open-ended learning situations” ought toenhance learning by girls.
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 than using peer discussion or analytical writing alone. However, would the effect of usingtalk and writing, alone and combined, be different for the learning of simple and integratedknowledge? Would the effect be different for short-term learning and its retention overtime? Would these effects be different for girls and boys? The present product–processstudy was designed to investigate these questions.
 PURPOSE
 The purpose of this exploratory study was to investigate the role of talk and writing onlearning science. We sought to assess the effect of talk and writing, alone and combined,on the learning of simple and integrated knowledge, as measured immediately after com-pleting an instructional unit (initial learning) and again after a delay of 6 wk (retention).We expected that students who used both talk and writing would learn more than studentsusing just talk or just writing. We also expected that the pattern of differences among thevarious treatment groups would vary according to time of test, the kind of knowledge(simple, integrated, and total), and gender. Furthermore, we expected that the patterns ofuse and the role of discourse would differentiate between talk and writing. Three hypoth-eses framed the quantitative part of the study:
 1. There will be no significant difference in mean aggregate simple knowledge scoresthat can be attributed to treatment, gender, and interaction of treatment and gender.
 2. There will be no significant difference in mean aggregate integrated knowledgescores that can be attributed to treatment, gender, and interaction of treatment andgender.
 3. There will be no significant difference in mean aggregate total knowledge scoresthat can be attributed to treatment, gender, and interaction of treatment and gender.
 The naturalistic component of the study was framed by two questions. The first focusedon the role of peer discussion on learning: How did talk within the peer groups influencestudents’ knowledge about the problems being discussed and what mechanisms were op-erating within the collaborative environment? A second question addressed how writingwas used by individual students to consolidate learning: How did students’ written re-sponses compare with the discussion of the problem that had preceded the writing task?
 METHOD
 A quasi-experimental treatment–control design with an embedded interpretative ap-proach was adopted for the study. Students were randomly assigned to the control andthree treatment groups. In the naturalistic component, two peer groups from the talk-and-writing treatment groups were selected for in-depth observations that would be used toenrich the discussion of the quantitative component of the study.
 Subjects
 The subjects for the present study included 43 eighth grade students (27 boys and 16girls) in two intact classrooms in a French-language school, grades 7–12, situated in aCanadian prairie province. The students were all taught by a teacher who had volunteeredto participate in the study. Most of the students were from families with similar cultural
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 uses French as a first language). The socioeconomic level of these students ranged fromlower middle-class working families to upper middle-class professional families. Theschool has a good academic reputation with over 70% of students continuing their edu-cation at the postsecondary level.
 Design
 The independent variables of the study included gender and treatment (talk-only group[T] writing-only group [W], talk-and-writing group [TW], and control group [C]), whereasthe dependent variables were: (a) knowledge scores (simple, integrated, and total scores)and (b) time (immediate and delayed posttests).
 A mixed factorial design (4� 2 � 2), with a pretest and two posttests (immediate anddelayed), was employed to test the effects of gender and treatment (T, W, TW, and C) ondependent measures which were based on data from multiple-choice tests, essay questions,and concept maps. Simple, integrated, and total knowledge scores were established for allof these instruments. Aggregate scores were calculated for each kind of knowledge (simple,integrated, and total) on the basis of the data obtained from each of these three instruments.The aggregate scores for simple, integrated, and total knowledge were then statisticallyanalyzed.
 INSTRUMENTATION
 The instruments which were used to measure student learning included a multiple-choicetest, a test with short essay questions, and concept maps. Two kinds of content knowledgewere assessed in this study: simple or isolated knowledge; and integrated or relationalknowledge (Linn & Songer, 1993). Simple knowledge includes knowledge of facts, ter-minology, and concepts, whereas integrated knowledge focuses on the relationships amongthese concepts and includes applications and explanations (Alexander, Schallert, & Hare,1991; Prawat, 1989). The approach taken in this study was to tease out the simple knowl-edge composed of concepts or building blocks, from the integrated knowledge composedof relations orthreadsthat link up these concepts which together make up the knowledgenetwork of students in a particular content domain (Reif & Larkin, 1991). Procedures fordetermining simple and integrated knowledge scores were developed for each of the threeinstruments.
 Multiple-Choice Tests
 Both versions of the multiple-choice test (A and B) included 30 items, with half of theitems measuring simple knowledge and the other half integrated knowledge. Most of thequestions were adapted from those used in various international, national, and provincialscience assessments that are now in the public domain.
 The multiple-choice tests were administered 3 weeks before instruction began (pretest),immediately after completing the unit (immediate posttest), and again 6 weeks later (de-layed posttest). Class A wrote version A in the pretest, version B in the immediate posttest,and version A again in the delayed posttest. In contrast, class B wrote version B in thepretest, and versions A and B in that order after the intervention. Content validity of thetest items was established by a group of experts in science education. The Pearson cor-relation coefficient was 0.67 for simple knowledge, 0.65 for integrated knowledge, and
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 of is acceptable for research purposes. These correlations were deemed acceptable�0.70given the exploratory nature of the study.
 Essay Questions
 Four short essay questions, which required students to provide written explanations fornatural phenomena or real-world applications relevant to the unit of study on ecology,were also administered three times during the experiment. Two of these questions hadbeen used in previous assessments in the province of Manitoba, and two of them wereconstructed by the researcher. Student responses to all of these questions were typed anda code number was assigned to each one to conceal both the identity of students and thetime of test (pretest, immediate posttest, or delayed posttest) to reduce the possibility ofscorer bias. Two scores were established for each of these essay questions: (i) a score forsimple knowledge that was based on the number of target concepts included in the responseand (ii) a score for integrated knowledge that was based on a holistic evaluation of thestudent’s response (Cooper, 1977). The target concepts that students should have includedin their written response were established using an expert panel and varied from onequestion to the next. Students received one point for each target concept included in theirwritten response. The total possible simple knowledge score for the four essay questionswas 23 points.
 The score for integrated knowledge was established using a holistic marking scale.Criteria included the number of conceptual relationships in the written response, the clarityand organization of the text, and the adequateness of the explanation (Davis, Scriven, &Thomas, 1987; Gorman, Purves, & Degenhart, 1988; Purves, 1984). Each of the fourquestions was evaluated using a four-point marking scheme (0–4), with the total possiblescore being 16 points.
 The validity of the essay questions was established using an expert panel composed ofthree biology professors and one science curriculum consultant with expertise in environ-mental education. Student responses to these questions were scored by three differentscorers, the researcher and two research assistants who had been trained for the scoringtask. Students received the average of the three scores for each question. Interrater reli-ability was established for the scoring of each question using Pearson correlation coeffi-cients. For all four questions, the average correlation coefficients ranged from 0.85 to 0.92for scoring simple knowledge and from 0.79 to 0.85 for scoring integrated knowledge.According to Cooper (1977), “a reliability coefficient of 0.80 is considered high enoughfor program evaluation” (p. 18). As the objective of this study was not to compare indi-vidual students, but rather experimental treatments, the reliabilities were considered ade-quate for making comparisons between the different groups.
 Concept Maps
 Wandersee (1990) described concept maps as “maps of cognition” (p. 923). Novak andGowin (1984) defined them as “a schematic device for representing a set of concept mean-ings embedded in a framework of propositions” (p. 15). Concept mapping is a valid toolfor representing conceptual knowledge and a reliable instrument for research purposes(Edwards & Fraser, 1983; Novak & Musonda, 1991; Wallace & Mintzes, 1990). Criterialike the number of concepts and the number of propositions appear to be both valid andreliable as assessments of conceptual understanding (Cronin, Dekkers, & Dunn, 1982;Mason, 1992; Novak & Musonda, 1991; Stuart, 1985).
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 beginning the unit of study. Students also completed concept mapping exercises duringthis period to ensure that the technique itself did not confound the results. Concept mapswere obtained from students at all three testing sessions: pretest, immediate posttest, anddelayed posttest.
 A concept seeding technique was used to guide student mapping. Concept seedinginvolves giving students one or more concepts to initiate the mapping process (J. H. Wan-dersee, personal communication, March 28, 1994). The expert panel had established 13key concepts for the unit on ecology: ecology, ecosystem, abiotic factors, biotic factors,biosphere, biome, food chain, food web, community, population, environment, habitat,and niche. Students were given five of these as seed concepts for the mapping exercise.The seed concepts were habitat, community, food web, ecosystem, and abiotic factor. Mapswere scored for the number of relevant concepts, a measure of simple knowledge, and thenumber of relevant propositions, a measure of integrated knowledge, that had been in-cluded in the map. Relevant concepts and propositions were established by the expertpanel.
 Students received two points for each of the key concepts which had not been given asseed concepts that were included in the map. Students also received one point for the seedconcepts and for each additional correct concept included in the map. The number of keyconcepts, seed concepts, and other correct concepts thus established the simple knowledgescore for the students. Students received points for each scientifically correct propositionthat was included in the map. A proposition was defined as a line or arrow linking twoconcepts. The expert panel identified eight critical propositions for the ecology unit andstudents received two points for these propositions. Students also received one point forall other scientifically correct propositions. The number of propositions, critical or other-wise, defined the integrated knowledge score for the students.
 The concept maps were scored by the researcher and two research assistants who hadreceived prior training. The mean interrater reliability (Spearman correlation coefficient)calculated separately for both simple and integrated knowledge components for all possiblepairs of scorers was 0.98 and was therefore considered adequate for the study.
 Qualitative Data
 Two peer-discussion groups, one from each class, each composed of four students, werevideotaped during the five problem-solving sessions scheduled throughout the course ofthe study. The same groups of students were videotaped each time so that the recordingprocess might become less obtrusive over time. These students discussed the problem tasksin small peer groups prior to individually writing their response to each question. Thevideotapes were transcribed for later analysis and then destroyed. These transcriptions,which constitute case studies of peer-discussion groups in action, were analyzed to deter-mine how student understanding evolved during these group sessions. Written responsesto each of the explanatory tasks, which were completed immediately after discussion withpeers, were also collected from the individual students. Pseudonyms have been used forall statements and responses reported in the study. The oral statements and written re-sponses of the students were compared to determine how both talk and writing influencedcollective and individual thinking about the problem tasks (Miles & Huberman, 1984).We hoped that interpreting these qualitative data would allow us to clarify some of themechanisms underlying the role of talking with peers for understanding science content(Peshkin, 1993). The analysis initially focused on the transcripts while looking for patternsof interaction within the peer groups, and later extended to searching for connections
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 on an explanatory task with students’ explanations written soon afterwards.
 CONTEXT FOR THE STUDY
 An ecology unit in the eighth grade science program established the context for thestudy. The study unit included individual, small-group, and whole-class activities thatinvolved teacher-led and peer group discussions, library research, lab activities, work-sheets, simulations, audiovisual presentations, and varied reading and writing tasks. Theobjective in all of these activities was to give students the requisite conceptual buildingblocks for constructing a coherent knowledge system about ecology. Once the conceptualgroundwork was laid for exploring a particular topic, such as ecological populations andcommunities, problem-solving sessions were organized in which students were now re-quired to apply this basic knowledge to new situations that they had not encountered duringprevious instruction. Problem solving can be defined as “thinking [that] is functional,active, and grounded in goal directed action” (Rogoff, 1990, p. 8). Problem solving caninvolve a variety of different tasks, including writing an explanation for everyday naturalphenomena or simply exploring new ideas that apply basic science concepts.
 TREATMENT
 The students were randomly assigned to four treatment groups, all stratified for genderand ability. The study included a talk-only group, a writing-only group, a talk-and-writinggroup, and a control group. Students were only separated into these four groups for theproblem-solving sessions. Each of the five problem-solving sessions lasted about 50 min-utes. With the exception of the control group, the tasks that were assigned in the sessionsinvolved explaining real-world applications of the ecological concepts studied earlier.
 Each of the five problem-solving sessions focused on different key concepts in ecology:biomes; adaptation; ecosystems, populations and communities; niche and habitat; and foodchains and food webs. For instance, one of the explanatory tasks in the session on eco-systems, populations, and communities asked students to explain whether or not a deadlog could be considered an ecosystem. The explanatory tasks required students to makeconnections among the various ecology concepts being studied.
 Students in the talk-only group discussed the assigned problems with peers. The studentsin the writing-only group individually responded in writing to these same problems, butwithout talking with peers. Students in the talk-and-writing group discussed the problemswith peers before individually responding in writing. Students in all three groups workedon explanatory tasks: two of the groups benefitted from talk (TW and T groups), whereastwo groups benefitted from writing (TW and W groups). In comparison, students in thecontrol group individually completed descriptive tasks based on the same ecological con-cepts. These tasks included fill-in-the-blanks, true-or-false exercises, matching exercises,definitions, and descriptions. When students wrote during the problem sessions, they wereinstructed to respond to as many of the problem tasks, descriptive or explanatory, aspossible while working alone at their desk. Apart from the problem-solving sessions, thestudents in each of the two classes were together throughout the 6-wk instructional unit,which involved about 16 hr of class time; that is, they read the same materials, did thesame assignments, and received essentially the same instruction.
 The peer groups for the problem-solving sessions were composed of four students andwere heterogeneous for both gender and ability. Students in both the talk-only and the
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 the assigned problems. The procedure involved: (1) brainstorming possible explanations(Linn & Burbules, 1993); (2) elaborating, clarifying, and asking or answering questionsabout the proposed explanations (Webb, 1989); and (3) evaluating, criticizing, justifying,and revising these ideas. In addition, students were given a written prompt during thesediscussions to scaffold metacognitive awareness during the explanatory session (Coleman,1992; Meloth & Deering, 1994; Palincsar et al., 1993).
 RESULTS
 Statistical treatment of the data involved a series of analyses of covariance using pretestscores as covariate each time. Hypothesis testing involved analyses based solely on theaggregate scores for each kind of knowledge (simple, integrated, and total). Other explor-atory analyses were based on the three separate measures (multiple-choice tests, essayquestions, and concept maps), as well as the aggregate scores, for both the immediate anddelayed posttest results. These exploratory analyses were used to ensure that instrumen-tation was not confounding results in this small-group study.Post hocanalyses using least-significant-difference (LSD) pairwise comparisons were also examined for trends in thedata. In addition, contrasts comparing either the two groups that used talk with the writing-only and control groups (TW� T � W � C), or the talk-and-writing group with the otherthree groups were also examined for both main treatment effects and gender– treatmentinteractions (TW� T � W � C). The first group contrast isolated the role of talk, eitheralone or augmented by writing, for learning science, whereas the second contrast focusedinstead on the synergistic effect of talk and writing.
 Using group and gender as categorical variables, analysis of covariance (ANCOVA)was employed to explore the aggregate scores. Separate analyses were conducted for theimmediate and delayed posttests. Table 1 shows the adjusted means and the standarddeviations for the aggregate scores by treatment for all students using the pretests scoresas covariate each time. An analysis of the adjusted means for the aggregate scores for allstudents shows that the rank order of the talk-and-writing group and the talk-only groupwere first and second, respectively. The writing-only and control groups ranked either thirdor fourth for all knowledge measures at both the immediate and delayed posttests.
 Table 2 shows the adjusted means and the standard deviations for aggregate scores bygender and treatment with the pretest scores being used as covariate each time. The trendsacross treatment groups were quite different for boys and girls. For boys, the talk-and-writing and the writing-only groups generally ranked first and second, respectively, acrossthe different aggregate knowledge measures for both posttests. Writing thus appeared tobe more helpful than just talking for boys. In comparison, girls in the talk-only and thetalk-and-writing groups always ranked either first or second for all measures and time-of-tests. Talking thus appeared to be more helpful than just writing for girls.
 Three null hypotheses guided this study. Hypothesis testing involved analyses based onthe aggregate scores for each kind of knowledge (simple, integrated, and total).Post hocanalyses using LSD pairwise comparisons were also examined for trends in the data.
 Hypothesis One
 The first hypothesis stated that there will be no significant difference (p� 0.05) in meanaggregate simple knowledge scores that can be attributed to: (a) treatment, (b) gender, and(c) interaction of treatment and gender. At the immediate posttest, no differences were
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 Adjusted Means (M adj) and Standard Deviations for Aggregate Scores by Treatment
 Posttest 1
 Madj SD
 Posttest 2
 Madj SD
 Simple knowledgeControl 28.2 5.47 24.6 4.8Talk 30.6 6.17 27.3 5.4Talk-writing 33.3 5.37 30.5 4.71Writing 29.5 5.77 26.1 5.07
 Integrated knowledgeControl 27.3 5.09 24.8 4.59Talk 30.1 5.64 25.5 5.11Talk-writing 30.1 4.95 29.8 4.5Writing 26.5 5.31 23.6 4.81
 Total knowledgeControl 55.5 9.46 49.3 8.63Talk 61.2 10.51 53.3 9.62Talk-writing 63.2 9.25 60.2 8.45Writing 55.9 9.92 49.5 9.05
 TABLE 2Adjusted Means (M adj) and Standard Deviations for Aggregate Scores by Genderand Treatment
 Posttest 1
 Boys
 Madj SD
 Girls
 Madj SD
 Posttest 2
 Boys
 Madj SD
 Girls
 Madj SD
 Simple knowledgeControlTalkTalk-writingWriting
 30.131.436.833.2
 5.515.466.035.39
 26.429.729.725.8
 5.425.404.945.56
 27.025.333.630.4
 4.834.785.294.73
 22.329.227.421.7
 4.764.754.344.84
 Integrated knowledgeControlTalkTalk-writingWriting
 29.432.329.730.8
 5.144.985.44.97
 25.327.930.522.2
 5.05.024.585.0
 27.126.230.628.7
 4.654.504.874.87
 22.524.829.018.4
 4.524.544.144.52
 Total knowledgeControlTalkTalk-writingWriting
 59.563.766.464.0
 9.559.3110.1910.03
 51.558.760.047.8
 9.349.308.549.4
 54.051.364.259.0
 8.728.519.319.15
 44.655.356.240.1
 8.548.57.808.58
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 Analysis of Covariance Summary for Simple Knowledge Aggregate Scores at theDelayed Posttest
 Source SS df MS F p
 Gender 150.490 1 150.490 6.808 .013a
 Group 201.961 3 67.320 3.046 .042a
 Gender � group 204.372 3 68.124 3.082 .040a
 Pretest 835.243 1 835.243 37.787 �.0005Error 751.538 34 22.104
 ap � .05.
 found for the main effects of treatment or for the interaction of treatment and gender whenthe aggregate simple knowledge scores were analyzed. However, significant differenceswere found between boys and girls for this measure with boys showing better immediaterecall of simple knowledge than girls,F(1, 34)� 8.309,p� .007. At the delayed posttest,significant differences were apparent for treatment (p� .042), for gender (p� .013), andfor gender– treatment interaction (p � 0.04). Results of the ANCOVA are shown inTable 3.
 Thepost hocanalysis for main effects suggested that students who discussed the prob-lems before writing their explanations showed better retention of simple knowledge overtime than both the control group (TW� C, p � .007) and the group of students who justwrote without discussing the problems with peers (TW� W, p� .038). Thepost hocpaircomparisons for the gender– treatment interaction suggested that boys who had discussedthe problems before writing their explanations showed better retention of simple knowl-edge over time than both groups of boys who were in the control group (TW� C, p �.022) or who had just discussed the problems without writing their explanations afterwards(TW � T, p � .004). The analysis of pair comparisons also suggested that girls who hadsimply discussed the problems with peers showed better retention of facts over time thanthose girls who had just written their explanation without any prior discussion (T� W,p � .05).
 Hypothesis Two
 The second hypothesis stated that there will be no significant difference (p � .05) inmean aggregate integrated knowledge scores that can be attributed to: (a) treatment, (b)gender, and (c) interaction of treatment and gender. The only significant difference in thedata at the immediate posttest was for the effect of gender with boys again outperforminggirls, F(1, 34)� 6.367,p � .016. At the delayed posttest, differences were observed forthe separate effects of both gender and treatment. Results of the ANCOVA are shown inTable 4.Post hocanalysis of pairwise comparisons suggests that students who discussedproblems with peers before individually writing their explanations (TW group) showedbetter retention of integrated knowledge over time than the other three groups (TW� C,p � .015; TW� W, p � .003; and TW� T, p � .039).
 Hypothesis Three
 Hypothesis three stated that there will be no significant difference (p � .05) in meanaggregate total knowledge scores that can be attributed to: (a) treatment, (b) gender, and
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 Analysis of Covariance Summary for Integrated Knowledge Aggregate Scores atthe Delayed Posttest
 Source SS df MS F p
 Gender 189.814 1 189.814 9.443 .004b
 Group 243.835 3 81.278 4.044 .015a
 Gender � group 122.120 3 40.707 2.025 .129Pretest 1054.790 1 1054.79 52.475 �.0005Error 683.429 34 20.102
 ap � .05; bp � .01.
 TABLE 5Analysis of Covariance Summary for Total Knowledge Aggregate Scores at theDelayed Posttest
 Source SS df MS F p
 Gender 625.440 1 625.440 8.774 .006b
 Group 857.144 3 285.715 4.008 .015a
 Gender � group 595.280 3 198.427 2.784 .056Pretest 3707.095 1 3707.095 52.005 �.0005Error 2423.635 34 71.283
 ap � .05; bp � .01.
 (c) interaction of treatment and gender. Similar to the previous analysis for integratedknowledge, the only significant difference at the immediate posttest was for the effect ofgender, with boys again outperforming girls,F(1, 34)� 8.78,p � .006. At the delayedposttest, the analysis indicated that significant differences existed for the effects of treat-ment and gender. Furthermore, the value for the gender– treatment interaction approachedsignificance (p � .056). Results of the ANCOVA are shown in Table 5. Students usingthe talk-and-writing strategy again outperformed those students who did not benefit frompeer discussion (TW� C, p � .005; TW� W, p � .006).
 DISCUSSION
 The results suggest that peer discussion combined with analytical writing enhances theretention of science knowledge by students over time, but appears to have little effect onimmediate learning.Post hocpair comparisons between the talk-and-writing group andgroups in which students worked individually on similar (writing-only group) or relateddescriptive tasks (control group) were particularly striking as the TW group outperformedthese groups on all three knowledge measures (simple, integrated, and total knowledge).However, the differences between those students who simply discussed the problems inpeer groups (talk-only group) and those who also used analytical writing (TW group) weresignificant for the integrated knowledge measure only. Peer discussion may be sufficientfor the retention of facts and simple concepts, but may have to be augmented by writingfor the retention of more complex integrated knowledge. The depth-of-processing hypoth-
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 whether or not talk precedes it. However, the use of analytic writing alone did not enhancethe learning of integrated knowledge in this study. Talk appears to have augmented theconceptual knowledge available to students prior to the actual processing phase, therebyenhancing their retention of integrated knowledge over time.
 The anomaly in the data is the absence of any effects for treatment or for gender–treatment interaction at the immediate posttest, which was a measure of what studentsactually learned after the instructional unit was just completed. Because significant differ-ences were observed after a delay of 6 wk, differences should also have been observedimmediately following the instructional unit at the immediate posttest. Yet, adjusted meanaggregate scores at both immediate and delayed posttests generally favored the talk-and-writing group, followed by the talk-only group, the writing-only group, and the controlgroup, in that order. However, differences may not have been large enough, given thesmall sample size, to establish significance at the immediate posttest. Nonetheless, signif-icant differences were found at the immediate posttest on two of the multiple-choicemeasures: integrated knowledge,F(3, 34) � 5.776, p � .003; and total knowledge,F(3, 34)� 4.746,p � .007.
 Talk for Sharing Knowledge
 Peer discussion appeared to be an important mechanism for sharing knowledge. Whenthe two groups that used talk were contrasted with the other two groups that did not benefitfrom peer interaction (TW� T � W � C), significant differences were observed for thetotal aggregate score at the immediate posttest,F(1, 34)� 4.719,p � .037. In addition,the two other aggregate measures at the immediate posttest were marginally significantwith alpha set at 0.10: the simple knowledge aggregate score,F(1, 34)� 3.089,p� .088,and the integrated knowledge aggregate score,F(1, 34)� 3.895,p � .057. Moreover, allthree knowledge scores based on the multiple-choice measures at posttest 1 were signifi-cantly different: simple knowledge,F(1, 34) � 7.754,p � .009; integrated knowledge,F(1, 34)� 7.830,p� .008; and total knowledge,F(1, 34)� 11.096,p� .002. Althoughdifferences between these groups on the essay questions and the concept maps still favoredthose students using talk, the contrasts were not significant.
 Glaser (1991) argued that small group discussions enhance student understanding byextending “available knowledge” (p. 134). Evidence of extending available knowledge andof distributing this knowledge to the students in the group was overwhelming in the tran-scripts. In the following transcript, students were asked to explain whether or not a deadlog should be considered an ecosystem. One of the students in the group was absent fromschool when this problem session was held, so only three students participated in the peerdiscussion:
 Derek: Well, I don’t think so, because / there is nothing // living.1
 Bill: ( . . . ) but it’s biotic.
 Kelly: I think that the opposite is true. Because abiotic means dead / but there are all kinds
 1 The following transcription codes are used throughout: “. . .”: ellipses indicates speech that trails off intosilence; “[ ]”: square brackets indicates the addition of words that facilitate comprehension of the transcript;“( )”: parentheses indicates nonverbal cues and actions; “��”: underlining of text indicates simultaneous oroverlapping speech; “,” and “.”: commas and periods indicate normal breaks in flow of speech; “?”: questionmark indicates that the context of the speech is interpreted as a question; “( . . . )”: indicates that words areundeciphered; “/”: indicates a pause of less than 2 seconds; “//”: indicates a pause of greater than 2 seconds.
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 Kelly: And, yeah. And there is also . . .
 Derek: And that is like their house( . . . )
 Kelly: It decomposes and then, I don’t know.
 Derek: So, is it an ecosystem? It would depend. Because there are mosses all over, andthere are parts which are dead already, so . . .
 Bill: Yeah.
 Kelly: But a log generally contains all kinds of, like, bugs.
 Derek:( . . . ) insects. So, it’s considered an ecosystem?
 Kelly: Yes, because . . .
 Bill: Well, I think it is.
 Kelly: Yes, because both parts are present / there is the abiotic, that’s the dead log. Andbiotic, well, that’s all those living organisms that live on the log.
 The transcript demonstrates that talk was able to extend the available knowledge forthese students. They were obviously grappling with the concepts of ecosystem, and abioticand biotic factors. The problem task forced them to collectively reexamine their basicknowledge about these concepts and to determine whether or not the definitions that theyhad learned earlier in class applied to a dead log. All three students correctly differentiatedbetween the abiotic and biotic components of ecosystems in their written responses im-mediately following the group discussion.
 Four mechanisms appeared important during the group discussions: (1) asking questions,(2) hypothesizing, (3) formulating ideas together, and (4) explaining. The role of askingquestions or asking for clarification seems to be an important catalyst for moving thediscussion along. Two excerpts, both taken from the same discussion, illustrate this point.The students were discussing a question that involved examining various artifacts (decid-uous leaves, coniferous needles, and cacti) and explaining how these were well adaptedfor their respective environments. In this first excerpt, the students had been examiningconiferous specimens:
 Lisa: Well, I didn’t really understand David’s point.
 David: Okay, well, / I don’t know why / like the needles / like those we find in Canada /it’s like / it’s like the needles are long and are solidly held on the branch. It’s like the treecan’t afford to grow / to lose its leaves / because / because there isn’t enough sun. Theydon’t have enough time to reproduce during the summer. Whereas these trees (holds up aleaf from a deciduous tree) are / it’s softer and it’s not as hard / and it’s / they have enoughtime to lose their leaves and to regrow them.
 A little later during the same discussion, the students had been grappling with the adap-tations of the cactus for life in the desert:
 Lisa: What was it you said at the beginning?
 Melissa: That / there is water inside because there isn’t much rainfall.
 Lisa: (Points towards the cactus.) In that?
 Melissa: Yeah, it conserves water because there isn’t much rainfall.
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 Melissa: Yeah, because it conserves water.
 David: Bingo! They are adapted to a climate in which there isn’t much precipitation. That’sgreat!
 Lisa: Uh-huh.
 David: Okay.
 Lisa’s questions and her requests for clarification forced the group to elaborate their ex-planations until they made sense to her and to the others.
 Hypothesizing also served as an engine for discussions by keeping students cognitivelyinvolved during these talk sessions. One of the problem tasks asked students to compareand contrast two biomes by analyzing unidentified climatograms: one, a tropical deciduousforest in Oaxaca, Mexico and the other, a desert in Fallon, Nevada. Students had alreadyhypothesized that biome 2 likely represented a desert and were now analyzing the cli-matogram of the Mexican tropical forest. The discussion that ensued is described as fol-lows:
 Melissa: Biome 1 is probably a country /
 Elliot: Somewhere in the tropics.
 David: A forest.
 Melissa: Not enough precipitation, I think.
 Elliot: Well no ( . . . )
 David: Probably near the equator.
 Melissa: Yeah.
 Elliot: Yes / equatorial.
 David: Oh yes / there is a // as you can see (pointing to the bar graph) / there is a / likein biome 1 / more / there is more / there is a / very little precipitation and then, all at once,there is a lot.
 Melissa: That could be a desert, that one.
 Elliot: That’s the rainy season (pointing to the bars showing the precipitation from Maythrough September).
 Melissa: That could be the desert because it’s quite warm (pointing to the line graph ofmonthly mean temperatures).
 David: No, it’s because /
 Melissa: A lot of rain all at once.
 David: Yes, but in a desert, there is less than one hundred.
 Elliot: No, but the desert.
 David: Less than 100 mm of precipitation.
 Elliot: I think that it’s a tropical forest.
 David: A tropical forest.
 The discussion was very animated, with students arguing back and forth about theirvarious interpretations of the climatograms. Although students did not achieve consensusas to the identity of the climatograms during the discussion, talk served as a catalyst for
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 discussion, all four students correctly identified the biomes represented by these two cli-matograms. Individual students appeared to have refined their personal understandingwhile they wrote.
 Schoenfeld used the metaphor of “ideas in the air” to describe what often happens whenstudents work in peer discussion groups (1989, p. 71). Many cases of two or more studentsformulating ideas together were observed in the transcripts. In the following excerpt, thestudents were asked to compare the size of the ears and the shape of the head in threeclosely related fox species and to explain how these could be considered adaptations tothe environment. The three species included the Arctic fox with small ears and a well-rounded head, the Fennec or desert fox with long, pointed ears and a slender muzzle, andthe red fox which appears to be intermediate for these two traits:
 Kelly: Well, maybe( . . . ) there is a lot of wind( . . . ). I don’t know.
 Derek: The Arctic fox is white and /
 Bill: We’re talking about the ears!
 Derek: Well, the ears are small /
 Bill: So /
 Bonnie: They won’t freeze.
 The last part of the conversation involved three students essentially completing a singlesentence among them. Despite the brevity of this sentence when the fragments are com-bined, the students still managed to come up with an adequate explanation for the smallears of the Arctic fox. The idea appeared to be floating around in the atmosphere andrequired verbal interactions among the students for its conceptualization. The students’written responses after the discussion suggest that they had developed a satisfactory un-derstanding of this concept. All of them essentially explained that the Arctic fox’s smallears could be considered an adaptation for cold climates because they minimized heat loss,thereby reducing the possibility of freezing these extremities. Student understandingseemed to be constructed privately after collectively sharing knowledge, which was diffuseand ill-defined.
 Occasionally, one student in the group assumed a more dominant role in explainingideas to peers. For instance, the student in the following excerpt is talking about theadaptations of coniferous trees to boreal climates:
 David: They are somewhat like cacti. / There is little precipitation so / like / they [theneedles] can’t fall / because there isn’t a lot of // sunlight. Like / winter lasts about 4 or 5months. Summer lasts about 2 or 3 [months] / so they don’t have time to grow and toregrow again.
 David’s response is an adequate explanation for the adaptation of conifers to boreal cli-mates. He recognizes the limits that climate has imposed on vegetative growth in northernbiomes. However, this understanding was not shared by all students in his peer-discussiongroup.
 Our analysis also suggests that there are limits to peer discussion. First, if the group,collectively, does not possess even basic ideas about the problem task, then peer discussionwill be generally ineffective as a teaching strategy. Second, incomplete or poor under-standing or an inability to apply the knowledge later on can also result despite constructive
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 gested by high-status students, can also hinder the effectiveness of talk in groups.
 Writing for Consolidating Knowledge
 Peer discussion combined with writing appeared to enhance the retention of scienceknowledge over time. When the talk-and-writing group was contrasted with the other threegroups at the delayed posttest (TW� T � W � C), significant differences were observedfor all three aggregate measures: simple knowledge,F(1, 34)� 7.47,p � .01; integratedknowledge,F(1, 34)� 11.167,p � .002; and total knowledge,F(1, 34)� 10.568,p �.003. Furthermore, all three concept-mapping measures were also significantly different:simple knowledge,F(1, 34)� 8.845,p � .005; integrated knowledge,F(1, 34)� 9.483,p � .004; and total knowledge,F(1, 34)� 9.488,p � .004. Excluding the outliers fromthe analysis resulted in one other measure, the integrated knowledge measure based onthe essay questions, being significantly different,F(1, 33)� 4.686,p� .038, and anotherfor total knowledge with the essay questions marginally significant,F(1, 33) � 3.494,p � .07.
 The talk-and-writing group responded in writing to each of the questions immediatelyafter the discussion with peers. As such, these written responses are records of how studentshad appropriated the ideas discussed with peers, and how they had translated these intowritten text using the discursive tools available to them. Analysis of these written responsesframed by the initial peer discussion suggests that talk was used for interpreting the prob-lem task, and for generating, sharing, clarifying, and evaluating ideas. Writing, on theother hand, was used for organizing these ideas into a coherent response that respectedgrammatical and syntactic conventions. Although the discussions appeared to be ramblingand disorganized at times, the written responses that resulted generally appeared to bemore coherent and well organized. Oral discourse is divergent, highly flexible, and requireslittle effort of participants while they collectively explore ideas, but written discourse isconvergent, more focused, and places greater cognitive demands on the writer.
 For instance, one of the questions on food webs read as follows:
 The great gray owl is the provincial bird of Manitoba. This owl species feeds on smallrodents, such as voles and shrews found in the Canadian tundra. Explain how the greatgray owl ultimately depends on sunlight for food.
 The following excerpt from the transcript on food webs describes the conversation basedon this question:
 Kelly: Well, I think that / well / the sun makes the plants grow, and then the rodents andall that /
 Bill: Food chain.
 Kelly: / they eat the plants / and after that, they eat the other ones.
 Derek: Yeah, because the more vegetation there is, the more /
 Bill: Voles, and all that.
 Derek: Yeah, that will have /
 Bill: If there isn’t enough vegetation, it will be more difficult for the owl to have some[voles].
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 and vague and uncertain references evident. After discussing this question, the four stu-dents individually answered the question:
 ● They [the owls] depend on the sun so that the vegetation will grow, and the morevegetation [there is], the more rodents they can eat to feed themselves. (Derek)
 ● They [the owls] depend on the sun because the voles and shrews eat plants whichrequire sunlight, and the less plants [there are] the less voles and shrews [there willbe]. (Bill)
 ● Since vegetation requires sunlight for growth, the prey of the great gray owl eat thisvegetation and the owl eats these herbivores. (Kelly)
 ● Since more sunlight will give more vegetation, and the rodents will be more abun-dant, and the owl will be able to feed itself. (Bonnie)
 Although the peer discussion may appear trivial and incoherent, the written responses ofthese four students suggest that their conceptual understanding had surpassed these surfacelanguage fragments. All four students explicitly described a causal chain of events origi-nating with the sun, to vegetation, to herbivores, then to owls in their written responses tothe explanatory task.
 The role of writing appeared to be particularly important to students for organizing theirideas. The following excerpt from the transcript on niche and habitat demonstrates thatDavid, a high-ability student, used talk for defining the problem task and for generatingand clarifying ideas relevant as solution to the problem. However, the written responsethat he completed immediately following this discussion suggests that writing was em-ployed to organize these ideas into a logical and coherent response. The students had beenasked to explain how a hunter might be able to use his knowledge of bear ecology (habitat,niche, reproduction, etc.):
 David: The question is not very clear.
 Elliot: Yes, it’s clear.
 David: Well, no. It should read: How could a hunter use his knowledge of bear ecologyto kill or hunt the bear.
 Elliot: Well, hunting [and hunter] is the same thing. //
 David: Okay. //
 Melissa: Well, habitat / well, to know where to find the bear so you can hunt it.
 Elliot: To know which bear he’s hunting.
 David: He wouldn’t find it in a desert.
 Melissa: Yeah.
 Lisa: Habitat. Habitat, what?
 Melissa: Habitat is where it lives. If he doesn’t know where it lives, how can he hunt it?
 David: Well, its niche / like / if we know who hunts or who kills it / well, we would knowthat the bear is in the same general area as that animal.
 Melissa: Where does it feed? Like if it finds something.
 Elliot: He could look at trees because they scratch trees in their territory.//
 David: Reproduction // well, reproduction / look for its young.
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 David: Well yes, exactly. The mother will be there, the bear will be there.
 Elliot: She is ferocious, you can’t hunt that. // Well, that’s it.
 Melissa: Well, how can he [the hunter] use his knowledge?
 David: To observe. // To inform himself about the bear.
 After this discussion with peers to define the problem and to generate and clarify ideas,David wrote the following response:
 The hunter could study or do some research on the bear species he wished to hunt. Itshabitat: it’s probable that the bear lives in a coniferous forest and not in a desert or otherunlikely habitat. Its niche: The hunter could observe what the bear eats, it’s quite probablethat the bear would be in the area. He could observe what feeds on bears, once again thebear might be in the area. Signs left on the trunks of trees would be another factor. Re-production: Where the young are located it is very probable that the mother bear wouldbe in area to protect them.
 Although the student erroneously believes that even large predators like bears are huntedby species other than humans, all of the other ideas can be considered satisfactory responsesto the question. This case illustrates Sutton’s (1992) view that there are two fundamentalways of using language: “One is exploratory, the other declarative, one is tentative whilethe other is definite . . .” (p.49). Talk fulfilled the first function, whereas writing accom-plished the second. Interestingly, all of the ideas suggested during the preceding discussionwere incorporated into the written response, but with more coherence and structure. Ex-plaining, or analytical writing, requires a reflective logical stance that encouraged studentsto refine their thinking thereby enhancing their conceptual understanding.
 SUMMARY AND IMPLICATIONS
 Lacking confidence in the quantitative data because of the small size of the sample, firmconclusions were considered to be inappropriate on the basis of this exploratory study.Nonetheless, trends were evident in the data and tentative conclusions have been proposed.Moreover, the qualitative data were used to inform the study regarding possible mecha-nisms for the observed effects.
 Talk for Distributing Knowledge
 Peer discussion appeared to be an important mechanism for sharing knowledge amongstudents. The analyses of covariance and thepost hoccontrasts both rejected the idea thatwriting alone enhances learning more than talk or peer discussion. Yet, individual writingis often the only strategy invoking language that is used in many classrooms. The resultssuggest that talk is important for distributing knowledge. Working individually, manystudents probably lacked the knowledge base for constructing adequate explanations forthe various problem tasks and, consequently, did not learn as much working alone as thosestudents who discussed these problems with peers. Talk or discussion appears to be im-portant for sharing, clarifying, and distributing knowledge among peers. Asking questions,hypothesizing, explaining, and formulating ideas together all appear to be important mech-anisms during these discussions.
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 Peer discussion combined with writing appeared to enhance the retention of scienceknowledge over time. The analyses andpost hoccontrasts confirmed that writing promotesthe retention of science knowledge over time. However, for writing to be effective, studentsmust already possess certain basic knowledge, and interacting with peers allowed them toshare, clarify, and distribute this knowledge. Only then did writing exert a positive effecton learning. The qualitative data suggest that writing is an important discursive tool fororganizing and consolidating rudimentary ideas into knowledge that is more coherent andwell-structured. These findings suggest that writing is important for the retention of scienceknowledge over time, but that talk, or peer discussion, is a necessary precursor. Writingonly seems to work if talk works with it.
 Suggestions for Future Research
 Interactions with Gender. Significant differences were observed between boys and girlsfor every aggregate knowledge measure and time-of-test. When the intact data were ana-lyzed, however, only the simple knowledge measure showed significant differences, sup-porting an interaction between gender and treatment. On the one hand,post hocpairwisecomparisons suggested that boys who wrote after discussing the problems with peersshowed better retention of facts and simple concepts over time than other boys who eitherworked alone on descriptive tasks or just discussed possible explanations with otherswithout writing. On the other hand, girls who had the opportunity to discuss the problemswith peers showed better retention of simple knowledge over time than other girls whojust wrote in response to the problem tasks. This finding is consistent with the frequentcall by many proponents of gender-inclusive classrooms for more discussion and collab-oration in science teaching. Although the statistical evidence for interactions betweentreatment and gender was not very strong, these exploratory analyses nevertheless suggestthat this question merits further study.
 Rivard (1994) argued that “race, ethnicity, academic ability, and gender may all bevariables that interact with the use of writing-to-learn strategies” (pp. 976–977). In thisstudy, analytic writing was used as a heuristic for learning science. Would the use ofexpressive writing, as found in journals and learning logs, give similar results, or wouldthis type of writing make the science classroom more gender-inclusive by personalizinglearning for all students?
 Interactions with Ability. Figure 1 compares the adjusted mean total aggregate scoreson both immediate and delayed posttests of low- (lower quartile), average-, and high-ability (upper quartile) students, respectively, for the four treatment and control groups.Visual inspection of these graphs suggests that peer discussion may be particularly im-portant for certain students. Students of low and average ability who used talk, either aloneor combined with writing, appear to have learned more initially, while also showing betterretention of this knowledge over time. These two groups of students seemed to benefit themost from sharing knowledge in peer groups.
 In comparison, high-ability students appeared to do better when they individually re-sponded in writing to the problem tasks. The high-ability students who individually wrotein response to the problem tasks not only showed better learning initially, as measured bythe immediate posttest, but also showed better retention over time. However, because thetalk-and-writing group ranked just behind the writing-only group on both posttests, one
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 Figure 1. Bar graph of adjusted mean total aggregate scores by treatment and ability.
 could argue that talk enhances science learning, even for high-ability students. Talkingshould enhance the learning of science concepts for the high-ability group of studentsbecause they tend to act as peer tutors by often explaining during discussion sessions(Webb, 1989). However, high-ability students are more likely than others to already pos-sess the cognitive tools and the conceptual building blocks necessary for completing theproblem tasks alone (Webb, 1992). The issue of whether or not an aptitude–treatmentinteraction exists between the use of language-based strategies involving talk and writingand student ability certainly merits further study.
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 The present study is significant for several reasons. Significant findings need to behelpful to classroom practitioners instead of just being theoretically or academically in-teresting (Duschl, 1994). The context for the study was authentic: A traditional instruc-tional unit on ecology taught by an experienced middle school teacher was enhanced bysimply integrating five 50-min problem-solving sessions involving peer discussion andanalytical writing. Teachers should therefore be able to easily translate these researchfindings into classroom practice.
 Second, the study addressed the issue of inert knowledge by proposing an instructionalstrategy which can be easily implemented in science classrooms that engages or accessesstudents’ prior knowledge and enhances conceptual understanding (Cohen, McLaughlin,& Talbert, 1993; Perkins & Blythe, 1994). The findings suggest that science teachersshould endeavor to include more writing tasks in the classroom, but only after studentshave had sufficient opportunities for collaborative exploratory talk while being guided bycognitively engaging problem-solving tasks. For instance, students might initially collab-orate in small groups on the construction of a concept map, then individually transposethis graphic representation into written text. This classroom strategy would allow studentsto share and clarify ideas, while talking about the concept-mapping task, before consoli-dating and refining their knowledge while writing about the map.
 Third, few studies have investigated how both talking and writing can influence class-room learning (Parker & Goodkin, 1987). Yet, writing may only work as a heuristic iftalk precedes it. The review of the literature cited many studies that separately confirm therole of talk and the role of writing as heuristic strategies. However, no study has addressedthe issue of how these two modalities cognitively mesh together during learning.
 Conclusions
 The results suggest that talk is important for sharing, clarifying, and distributing sci-entific ideas among peers while asking questions, hypothesizing, explaining, and formu-lating ideas together all appear to be important mechanisms during discussions. The useof writing appears to be important for refining and consolidating these new ideas withprior knowledge. These two modalities appear to be dialectical: talk is social, divergent,and generative, whereas writing is personal, convergent, and reflective. Moreover, writingappears to enhance the retention of co-constructed knowledge over time. Gender and abilityare important variables that may be mediating the effects of talk and writing that shouldbe investigated in a more robust future study.
 The authors gratefully acknowledge Larry D. Yore’s helpful comments in the preparation of thispaper.
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