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Abstract: Mathematical argumentation skills include an individual-cognitive component, 

which refers to the individual ability to generate and evaluate arguments on a mathematical 

conjecture, and a social-discursive component describing the skills necessary to develop and 

defend arguments on how to solve mathematical problems in collaborative situations. In an 

experimental 2x2 design (N = 119), we investigated whether both components can be fostered 

through heuristic worked examples and collaboration scripts which were implemented in a 

CSCL environment. Results indicate that the individual-cognitive component was facilitated 

by the provision of heuristic worked-out examples, whereas the social-discursive component 

was fostered through the use of collaboration scripts and of heuristic worked examples. Both 

scaffolds were especially helpful for learners with higher general ability. It appears that 

scaffolds on a content level as well as scaffolds on a social level are necessary to help learners 

attain high levels of mathematical argumentation skills. 

Introduction 
The ability to construct mathematical arguments for and against claims and to generate or inquire mathematical 

conjectures has shifted into the focus of mathematics curricula worldwide during the last decade (e.g., NCTM, 

2000). Thus, corresponding skills of inquiring, evaluating, and adapting mathematical conjectures posed for 

example by students make up a relevant part of mathematics teachers’ professional skills (Krauss, Baumert, & 

Blum, 2008). Students’, teacher students’, and also teachers’ problems in generating mathematical arguments 

have been documented in several studies (e.g., Heinze, Reiss, & Rudolph, 2005). This contribution 

conceptualizes mathematical argumentation skills as the ability to inquire mathematical conjectures individually 

or in discursive resp. collaborative social contexts, finally arriving at a proof or refutation for the conjecture (e.g. 

Lin, 2005). Thus, we differentiate between an individual-cognitive and a social-discursive component of 

mathematical argumentation skill. The individual-cognitive component refers to the individual ability to 

generate adequate arguments for or against a mathematical conjecture, and finally combine these arguments to a 

mathematical proof. The social-discursive component refers to the ability to participate in and contribute to a 

constructive collaborative argumentation process in a small group. While the first component can be regarded as 

mostly genuine to mathematics, the second component is less specific to mathematical argumentation and might 

root in more general argumentation skills (Kollar, Fischer, & Slotta, 2007). In this paper, we investigate whether 

the two components can be facilitated by heuristic worked-out examples (as a content-related scaffold; Reiss & 

Renkl, 2002) and collaboration scripts (as a social scaffold; Kollar, Fischer & Hesse, 2006). We are specifically 

interested in whether a combination of the two scaffolds leads to more positive results than any of the two alone. 

Collaboration scripts and the social-discursive component 
The social-discursive component of mathematical argumentation skills is necessary to communicate adequate 

procedures and solutions to mathematical problems to other learners or to reach joint solutions that are based on 

collaboration between learning partners. Yet, research has produced a wealth of evidence demonstrating that 

collaborative learning is often less effective than individual learning as long as it is not structured appropriately 

(e.g., Mullins, Rummel & Spada, 2011). If such an external structure is lacking, collaborators tend to show low-

level argumentation (e.g., Kollar et al., 2007), seldom relate their contributions to the contributions of their 

learning partners (e.g., Weinberger, Ertl, Fischer & Mandl, 2005) and often have problems achieving common 

ground concerning the problem at hand (e.g., Hansen & Spada, 2010). One way to structure collaborative 

learning is to provide learners with collaboration scripts that specify and distribute learning activities and 

collaboration roles among the learners of a small group and bring them into a certain sequence (Kollar et al., 

2006). These scripts can be tailored to induce very specific collaboration processes that stand in a positive 

relation with individual learning outcomes. The classical MURDER script (O’Donnell & Dansereau, 1992), for 

example, distributes learning activities and roles among the partners in a dyad that is supposed to learn text 

content and acquire text learning strategies. Numerous empirical studies have demonstrated the effectiveness of 

the MURDER script both compared to individual learning and to unstructured collaborative learning with 
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respect to different learning outcomes such as retention of the text, the acquisition of procedural knowledge, and 

strategy transfer to a new individual learning situation (for an overview, see O’Donnell, 1999). 

Lately, the collaboration script approach has been transferred to computer-supported collaborative 

learning (CSCL; e.g., De Wever, van Keer, Schellens, & Valcke, 2010; �ozzi, 2011), and a number of CSCL 

scripts have been designed to facilitate collaborative argumentation. In one such study, Stegmann, Weinberger 

and Fischer (2007) used two collaboration scripts aiming at an improvement of collaborative argumentation in a 

case-based, asynchronous discussion board environment in which triads of learners were supposed to apply a 

psychological theory to solve authentic problem cases. The first script, the �script for the construction of single 

arguments� prompted learners to use data, grounds and warrants (Toulmin, 1958) while building arguments, 

whereas the second script, the �script for the construction of argument sequences� distributed among the 

learners the task to produce arguments, counterarguments and integrations (Leitao, 2000). The results revealed 

that the script for the construction of single arguments had positive effects on the frequency of complete 

arguments that student triads produced during collaboration, while the script for the construction of 

argumentation sequences had positive effects on the frequency of counterarguments and integrations in the 

collaborative process. In addition, both scripts fostered the acquisition of domain-general knowledge on 

argumentation, and their effects on this measure added up. However, none of the scripts was effective 

concerning the acquisition of domain-specific knowledge. Similar results were found by Kollar et al. (2007). 

However, a few studies have also found positive effects of collaboration scripts on domain-specific learning 

outcomes (e.g., knowledge about the content of discussions; e.g., Wecker, Kollar, Fischer & �rechtl, 2010; 

Weinberger et al., 2005). Yet, positive effects of collaboration scripts on domain-specific learning are much 

rarer than positive effects on domain-general knowledge. This finding motivates to search for further 

instructional interventions that may be used in combination with collaboration scripts to account for their 

weaknesses. Since collaboration scripts are interventions that are specifically designed to help with the 

interactive processes occurring between learners of a small group, but do not provide structure with respect to 

the domain-specific aspects of the task, a combination with more content-related scaffolds may be promising.  

  

Heuristic �orked examples and the individual-cognitive component  
Mastering the domain-specific, individual-cognitive demands of mathematical argumentation requires 

coordinating knowledge on mathematical concepts, knowledge on the acceptable mathematical arguments, and  

problem solving processes to generate a line of argument (Ufer, Heinze, & Reiss, 2008). These problem solving 

processes may rely on several heuristic strategies like considering single examples and a systematization of 

examples, using informal arguments based for example on drawings, or more general strategies like means-end-

analysis (e.g. Chinnappan & Lawson, 1996). The information provided by considering examples, informal proof 

ideas, general mathematical rules and concepts, possible arguments as well as acceptance criteria for 

mathematical arguments must be integrated within this problem solving process. Thus, mathematical 

argumentation tasks can be considered as complex problems. 

Worked examples are considered effective means of fostering skills to solve this kind of complex 

problems, since they free the learner from the working memory load necessary to solve the learning task. This is 

supposed to enhance working memory capacity available for learning processes. The effectiveness of studying 

worked examples as compared to solving the corresponding problems as a learning activity has been shown in 

numerous studies (e.g. �tkinson, Derry, Renkl, Wortham, 2001; van Gog & Rummel, 2010). Most research on 

worked examples has focused on well-structured domains and task types that can be solved by one specific 

strategy (Rourke & Sweller, 2009). Worked examples for more complex task types, which require the selection 

of appropriate strategies and principles in a heuristic manner, have been developed and studied recently (e.g., 

van Gog, �aas & van Merrienboer, 2008). Schworm and Renkl (2007) proposed that worked examples for such 

complex tasks address three content levels� the learning domain level (information on what should be learned), 

the exemplifying domain level (information on the context in which learning tasks are embedded), and the 

strategy level (information on how problems can be approached, e.g. through an expert). Based on this 

suggestion, Reiss and Renkl (2002) introduced heuristic �or�ed e�am�les, i.e. examples that include principled 

information on all three levels. Following Schworm and Renkl (2007), learning should be focused on one of the 

three levels, these examples focus learning on the strategy level. Heuristic worked examples targeting 

mathematical argumentation and proof skills that were based on an experts’ process model of mathematics proof 

((1) generate a conjecture, (2) formulate a statement, (3) exploration of the statement, (�) proof idea, (5) proof 

draft, (6) proof formulation; adapted from Boero, 1999) have been studied by Reiss, Heinze, Kessler, Rudolph-

�lbert, and Renkl (2007) and were found to be superior to ordinary instruction in an authentic school setting. 

One gap in research on (heuristic) worked examples, which is particularly important in view of skills 

that share a social-discursive component, is their frequent restriction to single-learner settings (Kirschner, �aas, 

Kirschner, & �anssen, 2011). It is plausible that social-discursive components of complex, interactive skills can 

hardly be obtained in single-learner settings. Kirschner, et al. (2011) compared worked examples and problem 

solving in individual and collaborative settings. In the problem solving condition, group learners showed better 
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post-test performance than individual learners, but there was no difference in the worked example condition. 

The authors argue that in collaborative learning, memory resources of both learners are joined to process 

relevant information on the problem solving process, making it unnecessary to reduce cognitive load by using 

worked examples. This raises the question, if �unused resources� could be activated by the provision of an 

additional scaffold, either to enhance learning from the worked example or to provide additional learning 

opportunities with respect to social-discursive components of mathematical argumentation skills. 

�he present stud� 
Our main research question was� What are the effects of collaboration scripts and learning mode (problem 

solving vs. heuristic worked examples) on mathematical argumentation skills resp. their individual-cognitive 

and social-discursive components in a CSCL environment� In the CSCL environment utilized for this study, 

student dyads worked on mathematical proof and argumentation problems. Dyads were either supported by a set 

of heuristic worked examples, a collaboration script, both, or none of the two. Our expectations were� 

1. When compared to unstructured collaboration, providing learners with collaboration scripts will foster 

the social-discursive component of learners’ mathematical argumentation skills.  

2. Since heuristic worked examples may trigger high-level argumentation about the contents of the 

examples, we also expected a positive effect of the heuristic worked examples on the social-discursive 

component of mathematical argumentation skills. 

3. When compared to problem solving, providing learners with a set of heuristic worked examples will 

foster the individual-cognitive component of learners’ mathematical argumentation skills.  

�. Since collaboration scripts may stimulate a more thorough elaboration of learning material (see 

Wecker et al., 2011; Weinberger et al., 2005), we also expected a positive effect of collaboration 

scripts on the individual-cognitive component of mathematical argumentation skills.  

5. For both (a) the social-discursive and the (b) individual-cognitive component of mathematical 

argumentation skills, learners equipped with both the collaboration script and the heuristic worked 

examples were expected to outperform learners from all other conditions.   

Method 

�articipants and design 
119 pre-service mathematics teacher students (66 female, 53 male; ��ge = 20.00, �� = 2.25) from two different 

German universities participated as a part of a voluntary two-week preparatory course for university 

mathematics programs. �fter a pre-test, participants were divided into two groups using the median-split of their 

final school qualification grades. The best qualification grade reported by the participants was 1.00, the worst 

was 3.50 (� = 2.12, �� = 0.56). �ualification grade was used as an indicator of general ability in this study. 

�articipants in each ability group were then randomized to the four learning conditions. The two factors were (1) 

learning mode (problem solving vs. heuristic worked example) and (2) collaboration script (without vs. with). 

Table 1� Overview over the experimental design. 

Collaboration script 

Without With 

�roblem solving N = 29 N = 29 Learning mode 

Heuristic worked example N = 29 N = 32 

�ll dyads either consisted of two learners with low general ability, or of two learners with high ability 

(no mixed dyads). New learning dyads were created for each session. Students who missed more than one 

session were excluded from our analysis. Thus, the number of participants in the cells can be odd.  

Instructional setting and procedure 
�rior to the experiment, students participated in courses about elementary number theory and other math content 

that comprised the first three days of the preparatory course. On the fourth day, the pre-tests took place. The 

intervention started on the fifth day. Students first received a short video explaining the use of the CSCL 

environment. �fter that, the first of three �5-minute treatment sessions started. The other two treatment sessions 

took place on day 6 and 7. For each treatment session, the students were assigned to a new learning dyad. On the 

eighth and ninth day of the course, the students completed the post-tests. The final, tenth day of the course 

consisted of lectures and seminars that were not part of the experiment. Lectures and seminars also proceeded 

during the days on which the experiment was conducted, but they dealt with content that was distal to that of the 

© ISLS 333

ICLS2012 Volume 1: Full Papers



intervention (e.g. mathematical mappings, limits, continuity of functions). The lecturer of the course and the 

teaching assistants were asked to give no instruction on heuristics of proof and collaborative learning strategies.

Materials and learning environment  
Collaboration took place face-to-face, but was supported by a CSCL environment (Fig. 1). Each student 

received a laptop equipped with a mouse and a graphic tablet that enabled writing and drawing on the screen.  

Fig. 1� Screenshot of the computer program (left side of the screen� private work space including the problem to 

be solved resp. the heuristic worked example; right side� shared work space displaying script prompts or not).

The students of each dyad were placed vis-�-vis each other, so that each student could only see his or 

her own screen. The left side of the screen displayed either a problem to be solved by the students or a heuristic 

worked example that explained how a fictitious peer solved the problem. �t the bottom left, students had access 

to a calculator and the lecture notes of the course. The left side of the screen was a private space, i.e. any 

changes or actions students undertook were only visible to them. The right part of the screen was a shared work 

space, i.e. when students typed text or drew or wrote on their graphic tablets, this was immediately visible on 

their partners’ screen. Depending on experimental condition, the right side of the screen included a range of 

script prompts or not (see below). �ll students, independently from the experimental condition, received 

instructions that implemented a common basic structure of the learning process for all four groups, which was 

visible in the top right section of the screen. �ccording to this structure, students were first advised to think 

about the problem respectively the heuristic worked example individually and press the �Finished� button once 

they were done. When the learning partner also had completed this step, one of them was requested to explain 

his ideas about the problem resp. the worked example. �fterwards, the learners discussed their ideas on the 

solution of the given problem resp. on the approach that was described in the two heuristic worked examples.  

Independent variables 
Two independent variables were realized� Collaboration scripts (with vs. without) and learning mode (problem 

solving vs. heuristic worked examples). In the colla�oration scri�t condition (see Fig. 1), the right side of the 

screen (the shared workspace) was pre-structured in a way that the students of each dyad received pre-specified 

prompts that guided them through a three-step sequence of argumentation, based on Leitao (2000). First, one 

learner was asked to provide an argument for his or her suggestion how to solve the problem resp. a pro-

argument for the way the character in the heuristic worked example solved the problem. Then, learner B was 

asked to produce a counterargument, and finally, both partners were asked to reach a consensus. To further 

support the argumentation process, students could click on a button labeled �argumentation� to find guidelines 

on how to produce arguments, which told them to produce arguments that include at least a claim, a warrant, 

and a qualification (Toulmin, 1958). This button was present in all conditions. Beyond that, participants learning 

without the collaboration script did not receive any prompts during the treatment session.  

 In the learning environment, the students worked on tasks that posed open mathematical situations (e.g. 

�Take five consecutive numbers and add them up. Repeat this and try to find regularities. Formulate a 

conjecture and prove it��). Depending on the variable learning mode, the learning materials implemented on the 

left side of the computer screen induced different activities concerning these tasks (see Fig. 1). The students 

either discussed a heuristic worked example, or they read the corresponding problem formulation and were 

requested to find a solution with their learning partner. Three different problems from elementary number theory 
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were presented. The heuristic worked examples included a fictitious peer, who found and proved a conjecture 

according to the six phases of the adapted process model by Boero (1999). � set of self-explanation prompts 

asked the students in each step of the heuristic worked examples, why the protagonist of the heuristic worked 

example had chosen this approach. Students were prompted in every second step of the worked example to 

discuss their thoughts with their learning partner. To trigger discussion, the two learning partners worked on two 

partly different examples, although the problem was the same. In the problem solving condition, students only 

received the problem formulation without any hints and were asked to solve the problem in their dyads. 

�ependent variables and instruments 
The social-discursive com�onent o� mathematical argumentation s�ills was measured by a post-test that asked 

participants to describe activities they would typically show in a discussion (e.g., make sure to reach consensus 

once opposing view points have been expressed) on a physics problem (i.e., if water should be put hot or cold 

into the fridge to freeze faster). �articipants were asked the same question in the pre-test. �nswers were 

analyzed regarding the naming of elements that were part of the script relating to the sequencing of a discussion 

and the structure of a good argument (pro-argumentation, counter-argumentation, consensus building, response 

to arguments, claiming, grounding, use of rebuttals). Two trained, independent raters coded ca. 12 � of all 

coded answers from pre- and post-test. Inter-rater reliability (Cohen’s Kappa) for each single code was 

acceptable (on average  = .65). To calculate a value for the social-discursive component of mathematical 

argumentation skill, the frequency of the relevant seven elements was summed up and divided by the number of 

phases the student had described. Thus, the value for the social-discursive component indicates how many 

different relevant elements the learners named per each described phase on average.  

Students’ individual cognitive com�onent o� mathematical argumentation s�ills was measured with 

seventeen items in pre- and post-test, with different items for pre- and post-test� Five items focused on 

argumentation with elementary rules from number-theory (e.g., �Show that for natural numbers, a and b, the 

following statement is true� If 7 divides (a�3b) then 7 divides (2a�13b).�). Six items surveyed students’ proving 

skills in elementary number theory (e.g., ��rove the following statement� The sum of five consecutive numbers 

is divisible by five.�). �nother six items required students to solve open-ended argumentation problems (e.g., 

��rove or refute the following statement for natural numbers a and b� If you multiply the sum of a and b with the 

difference of a and b, you will always obtain an even number.�). � three-level coding (see also Heinze, Reiss & 

Rudolph, 2005), was applied to score students’ answers. One score was given for partially correct solutions; an 

extra score was given if the item was solved correctly. �dditionally, the posttest assessed knowledge of heuristic 

strategies for the mathematical argumentation process (�If you have to explore and prove a mathematical 

statement, how would you proceed��). �nswers were scored based on the strategies that were implemented in 

the heuristic worked examples. Each correct strategy was awarded one point. Two independent raters coded all 

the items. Inter rater reliability values were good (Mean of ���un�ust =.83). The reliability of the instrument was 

found to be good for each point of measurement (Cronbach’s alpha in the pre-test�  = .82; post-test�  = .78). 

Statistical anal�ses 
Univariate and multivariate analyses of covariance as well as regression analyses were used to test the 

hypotheses. The significance level was set to  = .05. �s an effect size measure, we used partial �. 

�esults 

Social-discursive component o� mathematical argumentation skills 
To test hypotheses 1 and 2, an �NCOV� with colla�oration scri�t and learning mode as independent factors, 

�ost-test social discursive argumentation �no�ledge as dependent variable and general a�ilit� as well as �re-

test argumentation �no�ledge as covariates was calculated. �s single regressions of the covariate general a�ilit�

on the learning gain (indicated by the residua of the regression of post-test measures on pre-test measures) of 

social-discursive argumentation knowledge showed differences in the regression slopes between experimental 

groups, the interaction effects between general ability and the independent factors were included in the model. 

The �NCOV� revealed a positive effect of the collaboration script on the post-test for social discursive 

argumentation knowledge, �(1,9�) = 8.95, � � .01, part. � = .09. �lso, the learning mode had a positive effect, 

with learners who learned with heuristic worked examples reaching higher values in the post-test than learners 

who learned with problem solving, �(1,9�) = �.38, � � .05, part. � = .05 (see table 2). The interaction effect 

between collaboration script and learning mode was not significant, ��1,9�) = 0.59, n�s�. 

The interaction between general ability and the collaboration script was significant, �(1,9�) = 7.59, � � 

.01, part. � = .08. � comparison of the regression slopes for the two conditions �with� and �without 

collaboration script� revealed that in the scripted condition, general ability had a significantly positive 

correlation with the learning gain (stand. = -0.52, � � .001), while in the unscripted group, general ability did 
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not correlate with learning gain (stand. = 0.03, n�s�). I.e. while high-ability learners benefited from the script, 

this was not true for low-ability learners (note that high values represent low ability and vice versa). 

Regarding hypothesis 5a, a planned contrast comparing the experimental condition supported by the 

collaboration script and the heuristic worked example with the remaining three conditions revealed that students 

who learned in the combined condition significantly outperformed students who learned in any of the other three 

conditions, with respect to the social-discursive component, �(1,95) = 5.9�, � � .05, part. � = .02. 

Table 2� Mean pre- and post-test scores (standard deviations indicated in brackets) for the social-discursive 

component of mathematical argumentation skills in the four experimental conditions.  

�roblem solving Heuristic worked example 

without collab. script with collab. script without collab. script with collab. script 

�re-test 0.61 (0.5�) 0.6� (0.51) 0.69 (0.�2) 0.58 (0.�0) 

�ost-test 0.68 (0.�7) 0.72 (0.�3) 0.81 (0.�8) 0.9� (0.��) 

Individual-cognitive component o� mathematical argumentation skills 
To test hypotheses 3 and �, a 2 x 2 �NCOV� with colla�oration scri�t and learning mode as independent 

variables, �ost test �er�ormance in the test �or the individual cognitive com�onent o� mathematical 

argumentation s�ills as dependent variable and the analogical scores in the �retest as well as general a�ilit� as 

covariates was computed. Because of the same reason mentioned above, the interaction effects between general 

a�ilit� and the inde�endent �actors were included in the model. Results revealed a significant main effect of the 

learning mode on the performance in the post-test, �(1,111) = 10.00, � � .01, part. � = .08, favoring students 

from the heuristic worked examples condition over the students who engaged in problem solving (see table 3 for 

raw data). Neither the main effect for collaboration scripts nor the interaction effect between collaboration 

scripts and heuristic worked examples reached statistical significance, �(1,111) � 1, n�s�. 

Table 3� Mean pre- and post-test scores (standard deviations in brackets) for the individual-cognitive component 

of mathematical argumentation skills in the four experimental conditions.

�roblem solving Heuristic worked example 

without collab. script with collab. script without collab. script with collab. script 

�re-test 0.�6 (0.25) 0.�1 (0.21) 0.39 (0.17) 0.�� (0.19) 

�ost-test 0.�9 (0.17) 0.�7 (0.18) 0.�8 (0.19) 0.50 (0.15) 

There was a significant interaction effect between learning mode and general ability, �(1,111) = 8.98, �

� .01, � = .08. Regression analyses contrasting the conditions with both kinds of learning mode showed that 

general ability had differential impact in the two conditions �problem solving� and �heuristic worked example�. 

Students with higher general ability learned better with heuristic worked examples (stand. � = -0.�5, � � .001) 

while in the problem solving condition, general ability showed no effect (stand. � = 0.12, n�s�).   

Regarding hypothesis 5b, a planned contrast revealed that, counter to our expectations, students from 

the combined condition did not outperform students from the other three conditions, �(1, 113) = 0.10, n�s�. 

�iscussion 
This paper investigated whether combining collaboration scripts and heuristic worked examples is an effective 

way to facilitate students’ acquisition of mathematical argumentation skills in a CSCL environment. 

Mathematical argumentation skills were argued to include both a social-discursive component, which refers to 

the ability to participate in and contribute to a constructive collaborative argumentation process in a small group, 

and an individual-cognitive component necessary to generate arguments for or against a mathematical 

conjecture, to evaluate these arguments according to mathematical criteria, and to select and combine them for a 

mathematical proof or refutation. We expected the collaboration script and the heuristic worked examples to 

exert positive effects on both components. Moreover, we expected that a combination of collaboration scripts 

and heuristic worked example would lead to most positive effects with respect to both dependent measures. 

Our results largely confirm our expectations. First, the collaboration script indeed facilitated students’ 

acquisition of social-discursive aspects of mathematical argumentation skills. Thus, also for the mathematical 

domain, collaboration scripts can be designed that help students acquire argumentation skills, which adds to 

previous research from other domains (e.g., Kollar et al, 2007; Stegmann et al., 2008). Obviously, having 

students practice a strategy that is represented in a collaboration script leads to an at least partial internalization 

of this strategy, represented in higher learning gains by students who worked with vs. without the script. Second, 

the heuristic worked examples indeed supported the students’ acquisition of individual-cognitive aspects. In 
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contrast to the results of Kirschner et al. (2011), who found no positive effect of collaborative study of worked 

examples over collaborative problem solving, we found a supporting effect of heuristic worked examples in 

collaborative settings. This might be due to the more complex nature of the problems studied, which require the 

coordination of a rich repertoire of strategies. Third, as expected, heuristic worked examples had an additional 

positive effect on the social-discursive component, i.e. when compared to problem solving, they helped learners 

acquire knowledge about more argumentation processes. � possible interpretation of this result is that the 

heuristic worked examples gave learners more opportunities to argue about different approaches to solve the 

mathematical problem or to reflect on their argumentative discourse. When students try to solve such problems 

on their own, it may happen that the two learners converge on one specific solution path quickly, which may 

make further argumentation subjectively unnecessary. In contrast, having learners discuss two different heuristic 

worked examples that describe different solutions may trigger more profound argumentation processes.   

However, two of our hypotheses did not receive full empirical support. First, collaboration scripts did 

not exert a positive effect on the acquisition of individual-cognitive aspects of mathematical argumentation 

skills. This finding is surprising since it is often argued that high-level argumentation is related to learning about 

the content of argumentation (e.g., �ndriessen, Baker & Suthers, 2003). Nevertheless, previous studies (e.g., 

Kollar et al., 2007) have shown that it is far from easy to learn a new collaboration strategy and apply it right 

away to elaborate content information more deeply. �ossibly, students need more time to internalize the strategy 

proposed by a collaboration script to use it effectively for a more thorough elaboration of knowledge. Second, 

while we did find that the combination of collaboration script and heuristic worked examples was most effective 

with respect to the social-discursive component, no such effect could be found with respect to the individual-

cognitive component. Thus, at least with respect to the individual-cognitive component, there was no synergistic 

scaffolding effect (Tabak, 200�), i.e. the two scaffolds did not amplify each other’s effects. �ossibly there was 

no real fit between the two scaffolds, which means that students in the combined condition had to separate their 

attention to two rather distinct tasks, namely to (a) follow interaction-related prompts provided by the script and 

(b) thoroughly process content-related information presented in the heuristic worked examples.  

Special consideration has to be given to the result that both the collaboration script and the heuristic 

worked example worked specifically for students with higher general ability. Obviously, both interventions were 

rather demanding, and to play out their potential, they required a lot of the students’ cognitive resources. Future 

research needs to investigate whether this pattern of results can also be found in other domains. �lso, finding 

ways to design collaboration scripts and heuristic worked examples that also help learners with less positive 

learning prerequisites clearly is a didactical challenge for future studies as well as for educational practice. 

Of course, our study is not without limitations. First, the way the social-discursive component of 

mathematical argumentation competence was measured can be criticized, since we had students describe how 

they would act in an argumentative situation, without actually having them observing them in argumentation. 

Surely, more performance-based measures would be helpful. Second, our results may have been influenced by 

the specific way the two scaffolds were realized. �ossibly, a script that only distributes roles without prompting 

them would lead to less pronounced effects than the script we used. Likewise, less detailed heuristic worked 

examples could be imagined that might yield different effects. Thus, future research should try to identify the 

crucial components of collaboration scripts and heuristic worked examples that are responsible for the effects. 

Despite these limitations, our study shows that, if mathematical argumentation skills are considered a 

compound of social-discursive and individual-cognitive components, learners require scaffolds on both a 

content-related and a social-discursive level. Heuristic worked examples and collaboration scripts seem to be a 

valuable combination of such scaffolds. 
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