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Abstract. Inspired by a recent surge to understand social cognitive processes in 
collaborative knowledge building, we have devised an experiment in which 
students learned from contents of a wiki. One of the informative results we 
observed was a dissociation between implicit and explicit memory measures 
that we used to track student’s learning: an association test, and the drawing of 
concept maps, respectively. We put these initial results in the context of 
experimental research in cognitive psychology and show how the co-evolution 
model (Cress and Kimmerle, 2008) could account for them. With several 
network measures, we also suggest some ways of how to measure assimilation 
and accommodation, both in internal and external knowledge representations. 
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1   Collaborative Knowledge Building in the Use of Social Software  

With the recent rise of social software and its use for educational purposes in schools, 
universities and companies, there has been a renewed interest in collaborative 
knowledge building. Cress and Kimmerle [3] have recently suggested a co-evolution 
model of collaborative knowledge building in wikis and other social software systems 
[6]. Knowledge building is understood as a co-evolution of internally and externally 
represented knowledge by means of internalization and externalization processes.  

Drawing on Piaget’s theory of cognitive development, it is assumed that in the face 
of making sense out of encountered information with prior knowledge happens 
through internal processes of assimilation and accommodation. In assimilation, an 
existing schema is activated to encode information encountered. In accommodating, 
on the other hand, an existing schema is restructured or a new one is generated 
because the encountered information does not fit any existing schema. Similarly, 
Cress and colleagues propose external mechanisms of collaborative knowledge 
building in the wiki which they also differentiate into (external) assimilation and 
accommodation where the former can be characterized by mainly quantitative 
changes to the wiki, and the latter by qualitative restructuring.  



Inspired by this model, we devised an experimental study in which students 
learned from a wiki on the subject of narratology. Our particular focus in this study 
was on measuring internal assimilation and accommodation: we were interested in 
what students would learn from the content, how their internal knowledge 
representation would change as a result of interacting with the wiki, and how this 
could be measured. Encouraged by our previous research in memory processes in the 
use of social software [8], we used two tests from two distinct classes of memory tests 
to measure knowledge of our subjects. One test was assumed to be more sensitive 
towards explicit knowledge that students had gained (drawings of concept maps), and 
the other assumed to be more sensitive towards implicit knowledge. For the latter, we 
employed an association tests in which subjects are asked to freely associate words 
given a certain stimulus word [8]. The number of associations, then, is a measure of 
the strength of implicit representation in memory for the stimulus word.  

One of the somewhat surprising results of this study was a dissociation between the 
implicit and the explicit memory measure. In this paper, we will discuss these 
dissociations because they can advance theoretical understanding of collaborative 
knowledge building and the underlying cognitive mechanisms. This has also practical 
implications. Particularly, if assimilation and accommodation could be 
(automatically) measured, it would be possible to devise feedback mechanisms that 
could guide group work or formative assessment by a teacher. In the next section, we 
will present the results of the experiment as they pertain to the dissociation. We then 
relate these results to research into implicit and explicit memory processes in 
cognitive psychology. From this, we suggest how the co-evolution model could 
account for these results. We close with discussing practical implications.  

2   An Experiment on Learning from Wikis 

In our experimental study, students learned from a wiki about Narratology, the theory 
and study of narratives and narrative structure. They had to learn about a model which 
introduced several different narrative modes based on the role of the narrator and the 
style of narrative. The model can be depicted graphically as a circle in which different 
narrative modes can be placed at different sections around the circle depending on 
where they fall on dimensions such as narrator vs. reflector, outside vs. inside 
perspective. For example, one narrative mode is that of the first-person narrator which 
is characterized by a narrator, who has an identity in the story and who takes an inside 
perspective, i.e. having access to inner feelings of that person.  

After learning a part of the model, students had to classify short passages of prose 
according to its narrative mode. While one group of students received texts that were 
in accordance with the model they had learned, others received passages that included 
narrative modes not yet learned. We assumed the first group could assimilate the 
examples into the existing schema they had constructed, while the second group 
would have to accommodate their internal schema. Hence, assimilation vs. 
accommodation instilled in our subjects was our main experimental manipulation 
which we will call learning condition (ACC vs. ASS). 16 subjects were tested in each 
condition. As dependent measures of their learning, students drew concept maps and 



were asked to freely associate terms given a certain stimulus term (association test). 
The stimulus terms were taken from the study material. Both tests were applied prior 
(pretest), as well as after the manipulation at the end of doing all exercises (posttest).  

Just looking at the number of concepts introduced in the concept maps and the 
number of associations reveals an interesting pattern: The number of concepts 
introduced in the concept maps increased from pretest to posttest for both groups, a 
clear sign of explicit leaning (ACC group: Mpre=12.3 vs. Mpost=14.8; t15=-2.36, p<.05; 
ASS group, Mpre=10.8 vs. Mpost=14.6; t14=-6.76, p<.001). When looking at the number 
of associations, on the other hand, these only increased for the ASS group (Mpre=3.8 
vs. Mpost=4.4; t15=-2.92, p<.01), but not for the ACC group (Mpre=4.3 vs. Mpost=4.4; 
t14=-0.08, ns). This points to a dissociation of the two memory measures: given the 
experimental manipulation (i.e. inducing assimilative vs. accommodative processes), 
an effect on explicit memory was observed, but not uniformly on associative strength.  

Because we were especially interested in the structural changes of students’ 
knowledge, we employed several network measures as they have previously been 
found to detect changes in structural aspects of knowledge [2] [4]. These measures 
can be employed both to concept maps, as well as to association networks which are 
formed by the stimulus terms from the association test and a co-occurrence relation. 
We measured the density of the network (proportion of edges) and its overall 
betweenness centrality (which measures the average shortest path between all nodes).  

Fig. 1 shows the results for density of the two networks. For the Concept Maps 
(left), the main effects were not significant, but the interaction effect time x learning 
condition was significant (F1,29 = 4.84, p < .05, ω2 = .15): while there was no change 
in density in the ACC group over time (t15 = -.44, ns, r = .17), there was a substantial 
drop of density in the ASS group over time (t14 = 4.56, p < .001, r = .50). For the 
association network (right), there was also no main effect, but the interaction 
approached statistical significance and the effect size indicated a moderate effect 
(F1,29 = 2.32, ns, ω2 = .10), suggesting that the sample size might have been too small 
to show statistical significance. 

 
Fig. 1. Density of Concept Maps (left) and Association networks (right)  

What is noteworthy about these results is that the two interaction effects for the 
two measures (one significant, one approaching significance) are in opposing 
directions. While in the assimilation condition, the drawn Concept Maps were sparser 
in the posttest than before, there was a tendency that density increased in the 



association networks. For the accommodation condition, these effects were reversed. 
A higher density in the concept maps points to the fact that more relations were drawn 
between concepts, while a higher density in the association networks may indicate 
less distinct internal categories (more similar associations given two stimuli).  

Fig. 2 shows the same results for the measure of betweenness centrality. 
Hierarchical networks have higher degrees of betweenness centrality, while for 
networks that are more evenly connected, betweenness centrality is lower. For the 
Concept Maps (left), the time x learning condition interaction showed that the change 
in the ASS group was different to the change in the ACC group (F1,29 = 14.69, p < 
0.001, ω2 = .18). While the drop of centrality in the ACC group was strong (t15 = 9.44, 
p < .001, r = .62), the ASS group did not show a significant change over time (t14 = 
1,24, ns, r = .29). For the Association Networks (right), no effects were observed.  

 
Fig. 2. Betweenness Centrality of Concept Maps (left) and Association networks (right)  

Taken together, the results support the notion that structural changes in students’ 
knowledge were different for the two groups. While for the assimilation group, 
concept maps became sparser and more hierarchical, the concept maps of the 
accommodation group were more evenly connected while having a comparable 
degree of density. This is generally in line with the co-evolution model. 
Accommodation (and hence restructuring or newly established schemata) would lead 
to more network-like structures in the concept map with a lower degree of 
betweenness centrality (see also [4]). In contrast, assimilation would lead to a simple 
adding of nodes to an existing hierarchical structure, and as a consequence 
betweenness centrality would be higher.  

The study gives other evidence of dissociation of the two measures, explicit and 
implicit: we came up with several measures to determine whether students had 
learned more (e.g. number of errors in the concept map and number of correct 
associations in the association test). Correlational evidence suggest that for better 
students betweenness of the concept map was higher while betweenness of the 
network formed from co-occurring associations was lower. Again, distinctness of 
internal concepts would likely increase centrality of the network which was observed 
for the implicit measure. The explicit measure, on the other hand, showed a decrease 
in centrality which would point to the fact that better students had discovered more 
explicit connections between concepts. 



3   Implicit and Explicit Memory in Knowledge Building  

The results pertaining to the dissociation are informative form a theoretical 
perspective because they shed light on the underlying (non-observable) memory 
processes. While our results certainly are only initial findings, they may point to the 
important and differential role that implicit and explicit memory processes play in 
collaborative knowledge building. In experimental psychology, the dissociation 
between implicit and explicit processing in memory tasks has long been used to 
discover underlying memory processes of encoding and retrieval [1] [9]. While 
explicit memory preserves the context from the study episode, implicit memory does 
not support the conscious retrieval of the study context. Retrieving from explicit 
memory involves an experience of conscious and deliberate recollection, while 
retrieving from implicit memory is relatively automatic and effortless and is 
associated with an experience of familiarity or “just knowing” [5]. While explicit 
memory is mainly responsible for the conscious recollection in typical memory tests 
(e.g. recognition or recall tests of studied material), implicit memory facilitates 
performance on certain tasks (e.g. quickly associating words as in our association test) 
without conscious intention of recalling the study episode.  

Why then would implicit and explicit memory processes play a role in 
collaborative knowledge building? If assimilation and accommodation can be 
understood as a process of schema activation and restructuring [3], we may deduce 
that implicit and explicit memory processes are differentially impacted: when making 
sense of encountered information by applying an existing internalized schema, the 
information is processed in a schema congruent manner. We assume that this is 
predominantly based on implicit processing. Activation of the schema in semantic 
memory should happen to a large degree unintentionally, especially in a situation of 
experienced performance. The application of the schema, then, should mainly be 
based on semantic or procedural knowledge – both again to a larger degree implicit. 
This is in line with research showing that under certain conditions the activation of a 
schema remains unconscious and schema-congruent information is only shallowly 
processed. In our experiment, this may have been the reason why in the assimilation 
group, the implicit memory measure (associative strength of the concepts learned) 
showed a stronger improvement than in the accommodation group.  

When, on the other hand, one is confronted with schema-incongruent information 
and the activated schema fails to provide a suitable way to represent the external 
information, the information is processed more elaborately, both semantically and 
perceptually. This is in line with [7], who found higher levels of explicit recollection 
for incongruent items, while implicit familiarity was greater for congruent items. 
Information processing in this situation should therefore predominantly impact 
explicit memory. The co-evolution model assumes that as a result of this conflict, an 
existing schema is changed, or a new schema is generated. This should be largely 
dependent on explicit processing, as high levels of semantic elaboration are involved 
to perform this constructive task. Again, in our experimental results, there is clear 
indication of this restructuring in the accommodation group for the explicit measure 
(increased network density and decreased centrality of the concept maps). The 
implicit measure, on the other hand, does not show these same effects. 



4   Conclusions and Outlook 

We have presented some initial results of an experiment designed to test the co-
evolution model of collaborative knowledge building. We have pointed out results 
that show a possible dissociation between implicit and explicit memory processes 
which are theoretically instructive. Two limitations of this research have to be 
mentioned. First and foremost, the results are exploratory in so far as we did not have 
any a-priori hypotheses about the dissociations. Hence, the results have provided the 
basis for hypothesis generation in section 3 that will inform future studies. Secondly, 
it has to be said that tests for explicit and implicit memory have shown different levels 
of reliability. This has to be kept in mind and accounted for in future research.  

As a next step, we will be transferring the research to a situation where students 
collaboratively generate artefacts. The graph-based measures we have suggested in 
this paper are appropriate also for this purpose. For example, the link structure of 
generated wiki articles could be analyzed as a measure of explicit knowledge. Similar 
to the association networks, a term network could be constructed using term co-
occurrence on a sentence level obtained from the text students produce in the wiki. 
This could be used as a measure for implicit knowledge in external representations. 
These measures would constitute theory guided and validated measures, and they 
should mirror the internal measures introduced in the present study. 
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