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Abstract: The meta-analysis reported in this paper investigated the role of the quality of 

argumentation for domain-specific knowledge gains in computer-supported collaborative 

learning settings. Given the scarcity of primary studies that report correlations between these 

two variables, a meta-regression approach was used that uses interventions’ effects on 

argumentation to predict their effects on domain-specific knowledge. Effect sizes for 17 

comparisons extracted from 12 studies were included in the analysis using a random-effects 

model. On average, the interventions have a small to moderate effect on argumentation. With 

respect to the relation of their effects on argumentation to their effects on domain-specific 

knowledge, no unequivocal picture emerges. These findings call into question the broadly 

shared theoretical assumption that argumentation can be a mechanism that mediates the 

effects of interventions on domain-specific knowledge. A set of recommendations for 

strengthening future research on the topic is presented. 

Introduction 
It is a broadly shared conviction of CSCL researchers that argumentation can be a powerful mechanism to foster 

domain-specific knowledge (Andriessen, 2006; Osborne, 2010). Based on this assumption, a broad variety of 

tools and interventions to foster argumentation has been developed, ranging from direct instruction about 

characteristics of good argumentation (e. g. Choresh, Mevarech & Frank, 2009; Nussbaum, Sinatra & Poliquin, 

2008; Yeh, K. H. & She, 2010) to argumentation maps (e. g. Janssen, Erkens, Kirschner & Kanselaar, 2010; 

Munneke, van Amelsvoort & Andriessen, 2003; van Drie, van Boxtel, Jaspers & Kanselaar, 2005; van Drie, van 

Boxtel, Erkens & Kanselaar, 2005; Schwarz, Neumann, Gil, J. & Ilya, 2003) and from different kinds of 

discussion seeds (Clark, D'Angelo & Menekse, 2009) to collaboration scripts (Kollar, Fischer & Slotta, 2007; 

Stegmann, Weinberger & Fischer, 2007; Weinberger, Stegmann & Fischer, 2010). These tools have been used 

for a while now in order to induce interactions among learners that are characterized by high argumentative 

quality and to study the role of argumentation for the learning of domain-specific content. Although some of 

these studies employ a qualitative methodology and thereby provide detailed accounts of the mechanisms 

involved in learning through argumentation, also a considerable number of quantitative studies on the topic have 

been conducted. 

Therefore, it seems to be the right time now for integrating these findings using quantitative methods of 

research synthesis in order to evaluate the evidence pertinent to the widespread convictions about the role of 

argumentation for learning. On closer inspection, however, many of the studies focus only on some of the 

variables that are relevant for the issue. For instance, sometimes only effects of an intervention on the quality of 

argumentation during interaction in a collaborative learning phase (e. g. Munneke et al., 2003) or on the 

acquisition of argumentation skills as measured by a posttest are measured and reported. Among the studies that 

measure both the quality of argumentation during collaboration and learning outcomes concerning domain-

specific knowledge, only a small proportion either reports correlations between argumentation during learning 

and domain-specific knowledge acquisition (e. g. Choresh et al., 2009) or employs similar analytical strategies 

that allow for an assessment of the association between these two kinds of variables (e. g. Asterhan, 2008). 

Often, only correlations within some of the several experimental conditions are reported along with the 

information that no significant correlation was found in the other conditions (e. g. van Drie et al.,2005a). 

This practice makes the conventional approach of integrating indicators of association between the two 

variables of interest unfeasible. As a sufficient number of the studies in CSCL research report effects of 

interventions on both measures of argumentation and measures of domain-specific knowledge, a different 

analytical approach is used in this meta-analysis: If the assumption about the role of argumentation for domain-

specific knowledge acquisition described above is true, interventions that produce strong positive effects on 

argumentation should also produce strong positive effects on domain-specific knowledge, and interventions that 

produce small or even negative effects on argumentation should produce small or negative effects on domain-

specific knowledge. Therefore, the technique of meta-regression is used in a somewhat unusual way to predict 

interventions’ effects on domain-specific knowledge on the basis of their effects on argumentation in order to 

test the validity and generality of the importance of argumentation for domain-specific learning. This approach 

presupposes substantial variation in effect sizes with respect to both variables. Given the diversity of 

argumentation interventions used in primary studies, it seems likely that effect sizes are actually quite 

CSCL 2011 Proceedings Volume I: Long Papers

© ISLS 304



heterogeneous. To test whether this prerequisite is fulfilled, in addition to the covariation of effects on 

argumentation and domain-specific knowledge also the magnitude and variation of effects of the interventions 

on these variables are scrutinized. 

Research Questions 
This meta-analysis addressed the following research questions: 

(1) What is the mean effect of argumentation interventions on argumentation, and are the effects of the 

single argumentation interventions homogeneous? It is expected that on average the argumentation interventions 

have a positive effect on argumentation. As the kinds of argumentation interventions investigated in CSCL 

research are quite different, systematic variation of their effects on argumentation is expected. 

(2) What is the mean effect of argumentation interventions on domain-specific knowledge, and are the 

effects of the single argumentation interventions homogeneous? According to the assumption that 

argumentation mediates intervention effects on domain-specific knowledge, on average the argumentation 

interventions should have a positive effect on domain-specific knowledge. As in the case of effects on 

argumentation, systematic variation of effects on domain-specific knowledge is expected due to the 

heterogeneity of argumentation interventions studied in CSCL research. 

(3) How are argumentation interventions’ effects on argumentation related to their effects on domain-

specific knowledge? According to the theoretical assumptions about the role of argumentation for domain-

specific knowledge acquisition, a moderate positive relation between effects on argumentation and effects on 

domain-specific knowledge is to be expected. 

Method 

Selection of Studies 

Criteria for Inclusion 
The purpose of this meta-analysis is to provide generalized information about the relation of the quality of 

argumentation during learning to domain-specific knowledge in a setting of computer-supported collaborative 

learning. Therefore, the criteria for the inclusion of a study were the following: 

(1a) The quality of argumentation in collaboration during the learning phase or – as a proxy indicator 

for this variable – the learners’ acquired argumentation skills after the learning phase was measured. 

(1b) The individual learners’ domain-specific knowledge about the content discussed during the 

learning phase was measured. 

(2) The study was conducted in a computer-supported collaborative learning setting. 

(3) At least one effect of the intervention under investigation on the quality of argumentation or on 

argumentation skills on the one hand and at least one effect on individual domain-specific knowledge on the 

other hand as well as their associated variances can be determined based on the information provided. 

Search Strategies 
The approach to locate the studies that fulfill these criteria comprised several complementary strategies. First, 

the bibliographic databases ERIC and PsycINFO were searched. The search terms “argument” (truncated), 

“learning” (truncated) and “CSCL” (or a conjunction of several synonyms of “collaboration” (truncated) and 

“computer”) were used conjunctively. These search terms were not limited to specific fields to warrant high 

recall at the cost of lower precision. This yielded 370 publications many of which were either unrelated to the 

topic or did not report empirical studies. Based on a thorough review of the abstracts of these publications, each 

publication for which it could not be ruled out definitively that they might fulfill the criteria for inclusion were 

selected for inspection. Second, relevant studies mentioned in the reference lists of studies and reviews retrieved 

were also included in the set of studies for integration. Finally, the digital versions of the proceedings of recent 

CSCL and ICLS conferences were searched electronically for occurrences of “argument” to yield further studies 

on the topic that have not been published in journals yet. 

Sample of Studies 
The sample included in this meta-analysis comprises 12 studies. The integration of effect sizes ís based on data 

from more than 1400 persons. 

Coding of Variables 
Two types of variables coded from the primary studies were included in this meta-analysis: Each study’s effect 

on argumentation and each study’s effect on domain-specific knowledge. The types of intervention used in the 

primary studies were also coded. As the focus of this paper is not on the effects specific or diverse kinds of 
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interventions on the association between argumentation and domain-specific knowledge gains, characteristics of 

interventions and similar study features are not used in the analyses presented here. 

Argumentation 
All variables in a study that were either indicators of specific aspects of the quality of argumentation in 

collaboration during the learning phase or indicators of the learners’ acquired argumentation skills after the 

learning phase were selected for coding. The types of variables included comprised indicators of the number of 

(specific types or components of) arguments as well as their argumentative or content-related quality on a micro 

level of analysis and the number and quality of specific argumentative speech acts on a higher level of analysis. 

If a study contained several types of measures of argumentation, the set of most proximal ones were selected. 

For example, if both indicators of argumentation skill in a posttest and argumentative quality of contributions 

during the learning phase were reported, only the latter were included in the analysis. If indicators of both 

argumentative strength and content-related accuracy of contributions during the learning phase were provided, 

only the former were included. The rationale behind this approach was to use the best estimates available of the 

effect of an intervention on the argumentative quality of contributions during the learning phase, which 

according to the theoretical assumptions should mediate an intervention’s effect on domain-specific knowledge. 

For each of these variables, an effect size and its variance were computed from the descriptive statistics 

(means, standard deviations and sample sizes of subgroups) provided in the study. If part of this information 

was insufficient, either any kind of measure of effect size – if reported in the studies – was extracted directly 

and transformed, if necessary, or the effect size was computed from the values of inferential test statistics. 

Domain-specific Knowledge 
All variables in a study that quantified individually attributable domain-specific knowledge due to the learning 

experience were coded. Individual attribution means that (in one case) conceptual change diagnosed for 

individual participants on the basis of discourse data from an online discussion was included, whereas the 

domain-specific quality of essays written by groups could not be used as an indicator of individual domain-

specific knowledge. In the majority of cases this kind of data was extracted from posttests. Effect sizes were 

determined as in the case of argumentation. 

Calculation and Statistical Analysis of Effect Sizes 

Effect Size Metric 
As most of the studies report main effects from between-subjects experimental designs, the unbiased estimator d 

of standardized mean differences suggested by Hedges and Olkin (1985, p. 81) was used for integrating the 

study effects. If pretest data were available, posttest effect sizes were corrected by subtracting the corresponding 

pretest effect size from the posttest effect size. 

Statistically Dependent Effect Sizes 
If for a study separate effect sizes could be determined for different subsamples (such as the different values of a 

second factor in a 2x2 design that is not relevant in the present context), the data from all subsamples were 

included as independent effect sizes (cf. Borenstein et al., 2009, p. 218 f.). 

Other studies (typically ones that use a one-factorial design) compared several treatment groups to a 

common control group. In this case, effect sizes from the same study are correlated due to the values from the 

common control group that enters the effect sizes of all experimental groups (Borenstein et al., 2009, p. 239-

241). One option to deal with this kind of dependency is to compute one common average effect size for the 

different intervention groups and use only this single effect size for further integration. As the purpose of the 

present meta-analysis is to determine the association between argumentation and domain-specific knowledge 

gains on the study level and averaging across intervention types would blur relevant variation and covariation, 

the effect sizes of the single comparisons from this type of study are used separately in the integration. We 

regard the partial violation of assumptions of the statistical methods employed for integration as less severe than 

the loss of important information we would have to suffer otherwise. 

Finally, most studies report findings for a whole set of indicators of the quality of argumentation, and 

some also report findings for several scales of domain-specific knowledge or for multiple measurement time-

points using the same instruments. In these cases, the effect size indices from each comparison were aggregated 

to yield one effect size for argumentation and one effect size for domain-specific knowledge per comparison. As 

most studies do not report correlations between the different dependent measures, we ran all analyses reported 

in this paper with three different global assumptions about the covariation among dependent measures (r = 0; 

r = .3 and r = 1). There were no differences between the three variants in any of the analyses that would lead to 

a different answer to any of our research questions. Therefore we consistently report only the results from the 

analyses assuming independence of multiple measurements. 
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These decisions resulted in the integration of 17 pairs of separate effect sizes for argumentation and for 

domain-specific knowledge. They were calculated on the basis of 55 original effect sizes extracted from the 

primary studies. For 11 comparisons we could extract effect sizes for argumentative quality of contributions, 

whereas for 6 comparisons we had to rely on the more distal posttest measures of argumentation skill. 

Method of Integration 
The primary studies included in this meta-analysis investigated the effects of a very broad array of 

argumentation interventions that ranged from instruction about good argumentation to the use of different kinds 

of discussion seeds and from argumentation maps to collaboration scripts. Therefore no unique common effect 

size can be assumed for these studies. Accordingly, the random-effects approach for integrating the findings was 

employed. The between-studies variance component was estimated using the method described by Raudenbush 

(1994, p. 310 f.). 

Results 

Research Question 1: Effects of the Argumentation Interventions on Argumentation 
The individual effect sizes for argumentation and their 90 % confidence intervals as well as their summary 

effect are presented in figure 1. 

 

   
Figure 1. Forest plot of the interventions’ effects on argumentation. 

The error bars indicate 90 % confidence intervals. “c” along with a number refers to multiple comparisons with 

a common control group, “ss” along with a number refers to independent sub-samples. 
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A small to moderate average effect size of 0.38 was estimated, SE = 0.11; CI90% = [0.20; 0.56]; 

p < .01, one-tailed. The test for the homogeneity of the effects of the interventions on argumentation indicated 

variation in the true effect sizes, QT(df = 16) = 58.99; p < .01; I2 = .73. 

We further conducted a moderator analysis comparing the group of effect sizes based on measures for 

argumentative quality of contributions (d = 0.32; SE = 0.15; CI90% = [0.07; 0.57]; p = .02, one-tailed.) with the 

group based on the more distal posttest measures of argumentation skill (d = 0.46; SE = 0.16; CI90% = [-

0.19; 0.73]; p < .01, one-tailed.). Effects from these two groups were homogeneous, QB(df = 1) = 0.40; p > .99. 

These findings provide support for the validity of our approach: First, because there is substantial 

variation in effects on argumentation, which is required for detecting the association of interest, it is possible to 

investigate the role of argumentation for domain-specific knowledge gains on the level of studies. Furthermore, 

the inclusion of measures of post-treatment argumentation skill as more distal indicators of argumentative 

quality of contributions seems warranted given the homogeneity of effect sizes of both types. However, because 

the focus of the present analysis is not on the effects of different kinds of intervention on argumentation, no 

further attempt to explain the variance in effects on argumentation is made in the following. 

Research Question 2: Effects of the Argumentation Interventions on Domain-Specific 
Knowledge 
On average, argumentation interventions have no effect on domain-specific knowledge, d = -0.04; SE = 0.14; 

CI90% = [-0.28; 0.19]; p = .62, one-tailed. However, the test for the homogeneity of the effects of the 

interventions on domain-specific knowledge indicates variation in the true effect sizes, QT(df = 16) = 129.46; 

p < .01; I2 = .88. To study the role of argumentation for domain-specific knowledge gains, this variation is 

further analyzed as a function of the interventions’ effects on argumentation in the following. 

It should be noted, however, that in one particular study large negative effects on domain-specific 

knowledge were observed (van Drie et al., 2005a). These effects were more than two standard deviations lower 

than the average effect size of the other studies in the sample, which means that they fulfil the frequently applied 

criterion for the exclusion of outliers. If the three effect sizes are excluded from the analysis, the estimate of the 

average effect size on domain-specific knowledge changes to d = 0.17; SE = 0.13; CI90% = [-0.05; 0.39]; 

p = .10, one-tailed. But also without these three effect sizes the test for the homogeneity of the effects still 

indicates variation in the true effect sizes, QT(df = 16) = 84.74; p < .01; I2 = .85. 

Research Question 3: Association between the Effects of the Argumentation 
Interventions on Argumentation and their Effects on Domain-Specific Knowledge 
A two-dimensional forest plot (which is a variant of a scatterplot with some additional information) of the 

individual effects on argumentation and domain-specific knowledge is displayed in figure 2. 

To determine the association between the interventions’ effects on argumentation and on domain-

specific knowledge, a meta-regression with the effects on domain-specific knowledge as the criterion and the 

effects on argumentation as the single predictor was conducted. A positive estimate for the unstandardized 

regression coefficient was obtained, b = 0.58; SE = 0.31; CI90% = [0.06; 1.10]; β = .44; p = .03, one-tailed. The 

higher the effects of the interventions investigated in the primary studies on argumentation, the higher were also 

their effects on domain-specific knowledge. 

If the three comparisons from the van Drie et al. (2005a) study are excluded as outliers on the domain-

specific knowledge dimension, however, an association of argumentation and domain-specific knowledge can 

no longer be detected, b = -0.12; SE = 0.30; CI90% = [-0. 61; 0.37]; β = -.12; p = .34, one-tailed. 

Discussion 
The results of this meta-analysis provide evidence that on average argumentation interventions developed in 

CSCL research are successful with respect to their most proximal goal of enhancing argumentation. As 

expected, these interventions do not share one common effect size. This is an advantage for the goal of the 

present integration to investigate the role of argumentation for domain-specific knowledge acquisition on the 

study level, given the scarcity of correlations on the person level reported in primary studies. However, 

differential effects of different types of interventions on argumentation should also be investigated meta-

analytically in the future. 

This broad variety of effects on argumentation is accompanied by an average zero effect of these 

interventions on domain-specific knowledge on the basis of, again, varying true effects. Even if the van Drie et 

al. (2005a) study is removed as an outlier, no significant effect on domain-specific knowledge emerges. Given 

the broad consensus among CSCL researchers about the role of argumentation for learning, it is quite 

remarkable that on average argumentation interventions do not produce beneficial effects on domain-specific 

knowledge acquisition. 

The picture becomes even more obscure when considering the relation between argumentation and 

domain-specific knowledge: Only if the van Drie et al. (2005a) study is retained in the sample of studies are the 
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effects of the interventions on argumentation positively related to their effects on domain-specific knowledge. If 

this study is removed because it qualifies as an outlier with respect to domain-specific knowledge, no such 

relation can be detected. On inspection, however, the kinds of intervention investigated in this study do not 

stand out from the ones used in other studies in the field in any obvious way. 

 

  
Figure 2. Two-dimensional forest plot of the interventions’ effects on argumentation and individual domain-

specific knowledge. 

 

Effects on argumentation are displayed on the x-axis, effects on domain-specific knowledge on the y-

axis. Each dot represents the (“two-dimensional”) effect size for domain-specific knowledge and argumentation 

for one comparison from the primary studies. The size of each dot is proportional to the comparison’s weight 

according to the random effects model. 90 % confidence intervals are displayed by the horizontal lines for 

effects on argumentation and by vertical lines for effects on domain-specific knowledge. The continuous 

diagonal line represents the equation of the meta-regression including all studies (dknowl_i = –

0.249 + 0.580 · darg_i), whereas the dotted line represents the meta-regression after exclusion of the van Drie et 

al. (2005a) study (dknowl_i = 0.227 –  0.120 · darg_i). 
Before discussing the consequences of these findings, potential limitations of this meta-analysis have to 

be taken into account. Its main shortcoming is its reliance on meta-regression to predict study-level or 

comparison-level effects on domain-specific knowledge on the basis of effects on argumentation instead of the 

more common approach of integrating within-study correlations between argumentation and domain-specific 

knowledge gains. However, apart from the fact that the latter is currently not feasible, the former approach 

constitutes a stringent test of the assumption that argumentation fosters domain-specific knowledge acquisition. 

While a correlation between effects of argumentation interventions on argumentation and effects on domain-

specific knowledge does not imply that argumentation quality and domain-specific knowledge acquisition are 

correlated on the level of groups or individuals, the lack of a correlation on the level of experimental 

comparisons provides some indication against the assumption that argumentation fosters domain-specific 

knowledge acquisition, at least as they were measured in the studies included in the analysis. 

What can the findings from this meta-analysis tell us? First of all, the body of research that has 

addressed the role of argumentation for domain-specific knowledge acquisition in CSCL using a quantitative 

methodology that allows for meta-analytic integration, is not abundant. Given this relative scarcity of evidence, 

more caution with respect to general statements about the effects of argumentation on domain-specific learning 

seems advisable (e. g. Osborne, 2010, p. 464 f.). 
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Furthermore, as this meta-analysis shows, the quantitative evidence amenable to integration currently 

does not provide the compelling picture one would expect, given the dominating view in the field. Rather it 

suggests reconsidering and even questioning cherished beliefs. It can be questioned, just to give an example, 

that arguments are “better”, i. e. more functional for domain-specific knowledge acquisition, if more parts of 

them are mentioned explicitly, which is used as an indicator of argumentation quality in several coding schemes 

(cf. Clark, Sampson, Erkens & Weinberger, 2007) some of which were applied in the studies in the present 

meta-analysis. A more promising approach could be the analysis of argumentation quality based on a typology 

of argument schemes that are appropriate for different types of claims (cf. Walton, Reed & Macagno, 2008) 

because this approach links the formal quality of arguments closer to the content. Another assumption that 

might be called into question is what might be called the “collaborative enrichment” assumption that 

argumentation is the joint elaboration of content, which fosters individual knowledge acquisition (e. g.. 

Andriessen, 2006, p. 445). The mechanisms by which argumentation may sometimes provoke the dismissal of 

deeply entrenched views and thereby advance understanding, might be slightly more intricate. 

Certainly the present meta-analysis does not force us to jettison the conviction that argumentation can 

lead to domain-specific learning. It should persuade us, however, to develop more accurate accounts of both 

argumentation quality and the mechanisms by which good arguments in a discussion among learners may 

influence the further progression of the discussion as well as the learners’ cognitive processing and thereby lead 

to understanding of the content. Therefore, we suggest that future research should address the following points 

that are located on a theoretical level: 

(1) As already indicated, in general, more thorough theoretical accounts of mechanisms that might 

explain beneficial effects of argumentation on domain-specific knowledge are needed. 

(2) Based on such assumptions, a comprehensive taxonomy of any relevant aspects of the amount and 

quality of argumentation could be developed that allows comparing and integrating studies investigating the 

same aspects of argumentation. Such a taxonomy could differentiate, among other things, the occurrence or 

number of different types of arguments, their average or aggregated tenability and relevance, the breadth and 

depth of topics covered in the discussion (Munneke et al., 2003) or the occurrence of specific argumentative 

speech acts. 

In terms of methodology, based on our experiences, we urge researchers in the field to consider the 

following points when reporting empirical research about the relation of argumentation and learning in CSCL: 

(3) Fine-grained analyses of patterns of argumentation and their relation to learning as they are often 

found in qualitative studies of the same topic should be translated into quantitative indicators that allow for 

integration and thereby an assessment of the generality of the findings. Sample size is not so much of an issue in 

this respect, as evidenced by a study by Wiley and Bailey (2006) with only 8 participants: This study could be 

integrated in this meta-analysis because the analyses were quantified and all necessary information was 

reported. This recommendation has the goal to make the often more informative and more valid analyses of 

argumentation during collaboration typically found in qualitative studies (instead of the more distal acquisition 

of argumentation skills as measured by posttests) accessible to integration. 

(4) Furthermore, it deserves mention that all statistics necessary to compute effect sizes need to be 

reported in publications. As a general rule, descriptive statistics (including standard deviations and subsample 

sizes) should be provided. Exact p-values and effect sizes should be presented (cf. APA, 2001, p. 138 f.), even 

in the case of insignificant effects, to allow for unbiased integration. If several measures for the same general 

variable are used in a primary study, they often need to be collapsed in a meta-analytical integration. This is 

strongly facilitated if the intercorrelations among the separated indicators are known. Therefore it is desirable 

that correlation matrices for sets of cognate indicators are presented, as they can often be found in research 

using multi-dimensional questionnaires. Furthermore, a more thorough practice of reporting indices of 

intercoder objectivity and reliability would allow for corrections for the attenuation of relationships between 

variables that is due to error variance in measurements. Most importantly, these indicators should not be 

averaged across variables, but reported separately for each individual variable used in the statistical analyses (cf. 

De Wewer, Schellens, Valcke & Van Keer, 2006, p. 11). 

(5) As a complement to the current meta-regression approach it is still desirable to integrate findings 

about person-level covariation between argumentation and domain-specific knowledge acquisition. For this 

purpose, correlation coefficients are needed that quantify the association between argumentation during the 

learning phase and domain-specific knowledge as measured in post-tests. To avoid over-estimation of the 

importance of argumentation for learning, the calculation and presentation of partial correlations controlling for 

individual motivational and cognitive learning prerequisites such as general cognitive abilities or – as a 

minimum requirement – domain-specific prior knowledge on the basis of the whole sample rather than specific 

experimental conditions should become a common standard. 

We believe that if these suggestions are picked up in future research, we will soon know more about 

the role of argumentation for computer-supported collaborative learning than we know now. 
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