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Abstract: This paper presents a case study in which two participants with opposing points of 

view used a shared document for purposes of dealing with a controversy on the effectiveness 

of homeopathic medicine. The participants were working by turns on a common presentation 

that should outline their opinions on the topic. During this alternating process they had to 

think aloud to make individual processes observable. In addition, we analyzed the 

development of the shared text. We combined a content analysis and the think-aloud data to 

measure internal and external processes of knowledge construction, and we describe how 

these processes influenced each other. This procedure led to insights into the development of 

perception shared by the participants and into the resulting knowledge construction with 

respect to quantitative and qualitative processes. In particular, we analyzed the interplay 

between the participants’ thinking and writing processes as well as the co-evolution of their 

thinking and writing as cognitive and social processes. In our conclusion we discuss the 

implications of our findings for understanding processes of knowledge construction. 

Introduction
Collaboratively developed shared digital artifacts may facilitate collaborative learning and the interplay between 

individual and collective knowledge processes (Kimmerle, Cress, & Held, 2010; Nussbaum, Winsor, Aqui, & 

Poliquin, 2007). In previous publications we have outlined a co-evolution model of cognitive and social 

systems, which is a theoretical approach that takes into account both the social processes facilitated by 

collaboratively developed digital artifacts and the cognitive processes of the individuals involved (Cress & 

Kimmerle, 2007, 2008). The aim of the current paper is to demonstrate in a detailed analysis how these social 

and cognitive processes may mutually influence each other in a process of collaboration and construction of 

knowledge. In an empirical study, we took into consideration both interdependent processes simultaneously: 

One person’s trains of thought during collaboration as well as concurrent contributions this person made to a 

shared digital artifact. We related these processes to the corresponding reactions of another person with an 

opposing point of view, revealing this second person’s trains of thought and contributions to the artifact, and so 

on.  

The basic idea is that it is a conflictual situation that initiates such an interdependency and interplay of 

social and cognitive processes. Piaget (1977) pointed out the significance of socio-cognitive conflicts for the 

development of knowledge. The utilization of cognitive conflicts for facilitating learning processes has been 

debated in the Learning Sciences for decades (Johnson & Johnson, 1987; Wadsworth, 1978; cf. also O’Donnell 

& O’Kelly, 1994). We are convinced that conflicts also play an important role when it comes to collaboration 

and knowledge construction with the use of shared digital artifacts (for the role of confronting cognitions in 

computer-supported collaborative learning settings cf. Andriessen, Baker, & Suthers, 2003). The controversy 

between two or more individuals is supposed to trigger the construction of emergent knowledge, both in the 

cognitive system of a user and in the social systems represented by the shared digital artifact.  

Tools that particularly suggest themselves for this purpose are wikis, as they are established as teaching 

tools and learning environments (Forte & Bruckman, 2010; Parker & Chao, 2007; cf. also Glassman & Kang, 

2011; Pifarré & Kleine Staarman, 2011) and greatly allow dealing with conflicts creatively and constructively 

(Moskaliuk & Kimmerle, 2009): Wikis provide a space in which ideas can be formulated, revised, or rejected. 

The people involved can contribute to the advancement of knowledge in the social system. Here, advancing 

knowledge is supposed to take place in the form of an improvement of ideas, not as the development of a true or 

perfect solution (cf. Bereiter & Scardamalia, 1996; Scardamalia, 2002).  

In the following section we will briefly describe the underlying theoretical considerations with regard 

to the relationship of cognitive and social systems, as they apply to the interplay between individual and 

collective knowledge. Subsequently, we will describe the method that was applied in the empirical study 

reported here and present its main results regarding the processes of knowledge construction. Concluding, we 

will discuss the implications of our analysis for further research on knowledge construction. 
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The Interplay between Cognitive and Social Systems 
The collaborative construction of new knowledge may be described as an interplay between cognitive systems 

of individuals and a social system (Kimmerle, Moskaliuk, & Cress, 2009; Moskaliuk, Kimmerle, & Cress, 

2008). We argue that research should focus equally on both systems by considering individual cognitive 

processes (such as perception, attention, learning, thinking, decision-making) as well as the collective 

development of knowledge. In this context we consider shared artifacts not just as a means to an end, but as the 

space where the collective development of knowledge takes place or, in other words, the space where collective 

knowledge and social structures manifest themselves. Our main assumption is that knowledge construction can 

only be understood if we take a very detailed look at the interplay between individuals and the collective. From 

a systems-theoretical point of view (Luhmann, 1995) the cognitive systems of individuals need to be 

distinguished from a social system—which is here represented by the interaction that takes place with the help 

of a shared digital artifact (cf. Kimmerle, Moskaliuk, & Cress, 2011). Cognitive systems and social systems, 

however, can affect each other in their development by providing ‘irritating’ information to the other system 

(Moskaliuk, Kimmerle, & Cress, 2012). This is the process we want to take into account in our analysis. 

We regard irritations, along with Piaget (1977), as cognitive conflicts. We assume that cognitive 

systems will develop when individuals solve cognitive conflicts. Cognitive conflicts occur when individuals 

realize that their prior knowledge and the information from the environment which they have to deal with are 

contradictory to some extent. People may solve these conflicts by means of two sorts of equilibration processes: 

They may either assimilate information (basically attach new information to their prior knowledge, i.e., a 

quantitative process) or accommodate prior knowledge to novel information, which comes along with 

qualitative improvements. Both processes contribute to the development of a cognitive system, that is, they 

represent processes of individual learning. 

We argue that those processes that occur in cognitive systems through internalization may happen in 

social systems in an analogous way through externalization of an individual’s own knowledge into a shared 

artifact. So, social systems can be shaped by integrating relevant information or by separating inappropriate 

information—in either an assimilative or accommodating way: They can develop by merely adding new content 

or by removing contradictory information (‘external assimilation’). Or, social systems may emerge by 

modifying their own structure (‘external accommodation’). Such external accommodation processes are 

supposed to lead to a more pronounced complexity of the shared digital artifact and, potentially, as a 

consequence, to new cognitive conflicts in other people. We emphasize that internalization and externalization, 

that is, individual learning and collaborative knowledge construction, are strongly interdependent. Thus, we 

need to examine internalization and externalization as interdependent processes that take place at the same time 

in order to understand this continuous exchange process between cognitive and social systems. 

This continuous exchange process is exactly what we want to trace and illustrate here. In the past years 

we have conducted a variety of empirical investigations into the interplay between cognitive and social systems, 

applying a range of methods, such as laboratory experiments (Moskaliuk, Kimmerle, & Cress, 2009) or Social 

Network Analysis (Kimmerle, Moskaliuk, Harrer, & Cress, 2010). Based on our experiences from previous 

studies, we have conducted an empirical examination in which we considered processes of individual thinking 

and related processes of social exchange at the same time. We will explicate the processes of internalization and 

externalization by examining how two people collaboratively developed a shared text on a controversial issue in 

a sequence of individual sessions. In doing so, we simultaneously collected thinking-aloud data and 

contributions to a text. 

Method
The ‘wiki-approach’ can be applied well to situations in which people tend to have controversial opinions on a 

certain subject. They can introduce their own positions on equal terms (Moskaliuk & Kimmerle, 2009): 

“Participants may express opposing opinions, addressing each other, and they incorporate their own perspective 

into a coherent text [and] Individuals may acquire new knowledge when they internalize information from the 

wiki” (Kimmerle, Cress, Held, & Moskaliuk, 2010, pp. 13-14). Therefore, we applied the same wiki principle 

here and in this case used a collaborative writing tool in order to support participants in writing a shared text on 

a controversial topic. We provided them with a document that allowed them to revise all parts of a text, add, 

change, or delete anything (like with a wiki). 

We were selectively looking for participants who were interested in naturopathy and homeopathy and 

had an unambiguous opinion either for or against homeopathy. We chose this domain, as there was recently a 

controversial debate on the role of homeopathy in the public health sector in Germany, and much information 

on this topic was discussed in the media coverage. This allowed us to recruit participants with extensive prior 

knowledge on this topic who were motivated to take part in this discussion. We advertised the participation in 

this study and offered 60 EUR for a three-hour session. The advertisement pointed out that the participants’ task 

would be to collaboratively write a text on the issue “Should homeopathy still be allowed in Germany”. The 
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advertisement explained that participants were supposed to advance their own point of view, but be willing to 

engage in a discussion with others.  

The advertisement outlined as the goal of the collaborative writing process the preparation of an article 

that expressed the opinions of the people involved and summarized the basic arguments. Candidates had to fill 

in a short questionnaire to apply for participation in this study. We asked them about their prior knowledge on 

the topic and for their personal opinion. In addition, they had to indicate their agreement or disagreement with 

two statements (pro and contra homeopathy) using a 7-point Likert Scale. We used the data of this questionnaire 

to select two university students as participants in our study: One woman (age: 25; German education and 

English education student) and one man (age: 32; chemistry student). The two participants had different 

opinions about the given issue. Their applications showed that they had detailed knowledge about homeopathy, 

were able to outline their opinions in an adequate way (for the role of argumentation in computer-supported 

collaboration cf. Stegmann, Weinberger, Fischer, 2007; Weinberger, Stegmann, Fischer, 2010), and were highly 

motivated to participate in this study. 

We used eduPad (http://edupad.ch/) as a collaborative writing tool. eduPad provides a simple text 

editor and allows participants to change the text online. The text written by the two participants was marked 

with two different colors during the writing process to identify the author of specific parts of the text. This 

supported the quick identification of ongoing changes in the text. All changes of the text made by the two 

participants were stored as different versions of the text. The two participants had to write in turns on the shared 

text: There were eight phases, with four writing phases for each of the two participants. Their goal was to 

develop a text that outlined their combined reasoning on the given question (“Should homeopathy still be 

allowed in Germany?”). They were instructed that the resulting text should represent both opinions and integrate 

the different lines of argument.  

Each of the two participants had ten minutes available per round to write on the text (however, if 

participants asked for more time in order to finish their current entry, we permitted up to four additional 

minutes). One participant had to wait in a separate room while the other one was working on the text. 

Participant 1 (P1), who advanced a pro homeopathy view, started with an almost empty file that contained no 

content except for a short headline: “Homeopathy in crisis”. After the first phase, participant 2 (P2), who 

advanced a contra homeopathy view, proceeded, followed again by P1 and so on. We instructed the participants 

to think aloud (cf. Ericsson & Simon, 1980) during their work with eduPad and recorded their comments 

digitally (for a discussion on the suitability of the think-aloud method cf. Ericsson & Fox, 2011; Schooler, 

2011). In addition, a screen-capturing tool was used to log the writing process in detail. The verbal comments 

were transcribed (think-aloud protocols) and matched with the data from the screen-capturing tool and the 

stored text versions. This led to a rich data base that combined internal processes (think-aloud protocols) and 

external processes (text development). 

Analysis 
In this section we will present the core findings of our analysis. As described above, both individual learning 

and collaborative knowledge construction may either take place in the form of assimilation or accommodation. 

The former is chiefly a quantitative process while the latter is supposed to be a process that leads to qualitative 

improvement. This section is organized accordingly.  

First, we will briefly describe the development of the wiki text over time in quantitative terms, that is, 

the development of the absolute length of the text and the increments of text in the eight particular episodes. In 

doing so, we will illustrate the alternations between phases of quantitative and qualitative development. 

Subsequently, we will provide a qualitative analysis in which we will examine critical incidents in the 

knowledge construction process. In this process, we will analyze situations in which the participants decided to 

deal with controversies by either writing new text or deleting existing text. We will describe the interplay of 

thinking and writing and examine situations in which the participants decided not to introduce their opinions or 

knowledge into the text. In addition, we will analyze how participants compromised in the collaboration process 

and discuss our findings regarding this process as a co-evolution of thinking and writing. Finally, we will 

describe how norms of collaboration developed during the writing process. 

Alternations between Quantitative and Qualitative Development 
As was mentioned above P1 started with an almost empty document that contained just a short headline. In the 

beginning of the writing process there was, naturally, mainly a quantitative increase. After the first two rounds 

(one for each participant) the document contained already 40 % of the final text (311 of 780 words). In the last 

two versions (rounds 7 and 8) the addition of text was only about 5 % (42 of 780 words).  

In these final phases of the writing process, however, qualitative development instead of quantitative 

expansion of the text became more relevant. This increase of the text length can be seen in Figure 1. Such 

alternations between quantitative and qualitative writing activities did not merely occur between the first and the 

last versions, but over the entire writing process. Alternations between quantitative and qualitative phases of 
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text-production are also known from previous research on individual writing processes (cf. Hayes & Flower, 

1986).  

Figure 1. Development of text length (cumulative) across the eight versions of the text. 

In the beginning of the collaborative writing process P1 merely added initial information (version 1), because 

there was no text that this participant could revise in any way. Afterward, there was an alternation from mainly 

quantity-orientated and to rather quality-orientated periods. We found a first shift from quantitative to 

qualitative writing activities in text version 3: In version 1, P1 had started with a short definition of homeopathy 

and tried to outline the controversy of the topic concerning the efficacy issue; in version 2, P2 complemented 

the efficacy discussion with an additional aspect, the placebo effect. In her second turn (version 3) P1 wrote a 

kind of conclusion trying to integrate the different points of view: 

P1, wrote text: “It’s a fact that homeopathy and other alternative therapeutic methods are 

controversial topics. There is no clear answer as to whether they are a true alternative, because their advocates 

just focus on the effects, whereas the opponents focus only on the facts which are not measurable. Everybody 

should decide for himself whether he is for or against it.” 

The think aloud protocols (TA) supported the assumption that P1 tried to integrate the conflicting 

approaches here: 

P1, TA: “I don’t want to contrast both perspectives, but bring them together somehow.” 

In version 4, in turn, we found a shift from qualitative to quantitative writing activities. In this version 

P2 contributed two new perspectives on the homeopathy controversy, a financial and an ethical aspect. In 

version 5 P1 complemented in turn the financial aspect. Then, in version 6 the next shift from quantitative to 

qualitative activities took place: Here, P2 tried to merge the different aspects of the text after having recognized: 

P2, TA: “It’s really noticeable that this whole thing doesn’t fit together.” 

Altogether, we may conclude that taking up a new perspective of the topic (by one of the writing 

partners) triggered quantitative processes in a first step which was, however, closely followed by qualitative 

processes, such as structuring the text or merging different points of view. So a quantitative focus alternates 

with a qualitative focus across the whole collaborative writing process. This is in line with our theoretical 

differentiation of external assimilation and external accommodation. The co-evolution model describes these 

processes as two interrelated aspects of knowledge construction in a social system. 

The Interplay of Thinking and Writing 
When people want to contribute to a shared document, they have to externalize particular aspects of their own 

knowledge. For this purpose they have to transform their thoughts into written language. In doing so, they have 

to reflect on pre-existing information in the text to ensure that they integrate their cognitive concepts adequately. 

In this section we focus on the process of externalization, considering, on the one hand, the situations and social 
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conditions that seem to foster externalization and, on the other hand, situations that seem to inhibit 

externalization processes. In our assessment we take into account not only writing but also deleting activities.  

As we have captured thinking-aloud data simultaneously while participants edited the text, we have the 

opportunity to match internal and external processes in this analysis. So we can see that in many cases the 

process of externalization was clearly associated with the respective mindset of the particular participant, for 

example: 

P1, TA: “Homeopathy was—no, um—oh, how should I start… Homeopathy… Yes, right! I will start 

with a definition, namely with a translation of the term...” 

Accordingly, this is what P1 was writing directly thereafter: 

P1, wrote text: “Homeopathy means literally: To treat the same with the same.” 

A consistency of thinking and acting may also find expression in deleting text as can be seen from the 

following example: 

P2, TA [after reading the text]: “I don‘t think that’s so great, for example. And it colors everything, as 

well.”

P2, deleted text: “One should first give homeopathy a try, and if it doesn’t have any effect, then fall 

back on allopathic medicine.” 

This strong association of internal and external processes is in line with the idea of the co-evolution 

model that externalization and internalization depend on each other. If the participant had a deviating opinion 

about the information introduced by the other participant or wanted to introduce new knowledge, s/he added, 

edited, or deleted the shared text. There is, so to speak, a direct interrelation between the internal processes 

recorded using the think-aloud protocols and the resulting external processes, that is, writing text. At the same 

time, we observed episodes in which externalization seemed to be influenced by additional processes. We argue 

that individual perception of the shared text influenced externalization. The previous interactions between the 

two participants, the current status of the collaboration, and the occurring socio-cognitive conflict became 

manifest in the shared document. This led to a mutual development of internal and external processes. In the 

following, however, we will report episodes in which internal processes differed from resulting external 

processes.  

Co-Evolution of Thinking and Writing 
A peculiar gap between the writing process and the present thinking of a participant could be observed several 

times during the knowledge construction process. In some cases, the participants decided to keep their opinions 

or their current thoughts out of the collaborative situation: 

P1, TA: “You can’t pigeon-hole people who use homeopathy. Like saying they are some kind of 

strange people. But I am not going to add any more about that now.” “Anyway, I’ll leave it like that, otherwise 

he will change it again.”  

In other situations we observed great differences or a missing relationship respectively between 

thinking and writing:  

P1, TA: “No, no. I do not agree with one thing he wrote there. With anything. Anything at all. I could 

delete all of his changes now and, and... Oh, never mind. Ok, what should I do with that?” 

But, instead, P1 addressed a completely different topic in the next moment:  

P1, wrote text: “Still, one should consider also that allopathic drugs are much more expensive, 

because…”

In this example P1 decided not to add her own opinion, as she assumed that the other participant would 

delete her additions anyway. P1 seemed to look for an agreement, as the goal of the collaboration was to come 

to a common statement on the given topic. Instead of resuming the confrontation she tried to integrate the 

different perspectives. The observed gap between thinking and writing resulted from a kind of filter that decided 

which part of one’s own knowledge should be introduced to the shared text. Even if one’s own opinion or 

knowledge was different from that of the other participant, the written text was adjusted to accommodate the 

common goal—that is, coming to an agreement. In the first example, P1 perceived the socio-cognitive conflict 

between her own opinion and that of her counterpart but decided to ignore the difference. In the second 

example, she decided to elaborate more on the topic and introduced an additional counter-argument.  

Based on the co-evolution model, we might conclude that the social system (the shared text, the current 

collaboration, and previous experience during the interaction) influenced how thinking was related to writing. 

Individual perception of the social system filtered if and how the knowledge from the cognitive system was 

externalized into the shared document.  

We argue that the observed gap between thinking and writing is in line with the co-evolution model, as 

there was a mutual influence of internal and external processes. The externalization process depended on the 

current status of the social system. The collaborative writing processes were strongly influenced by the social 

conditions implemented here. Thus, we also observed situations in which internal processes and external 
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process strongly influenced each other. In the following we present two additional episodes where this co-

evolution of thinking and writing became evident.  

P2 made clear his skeptical attitude towards homeopathy in the text: 

P2, wrote text: “[…] effect does not measurably differ from placebos […]” “[…] the most radical 

advocates of homeopathy do not accept this and often use outrageous pseudo-scientific ‘facts’ to sell their often 

expansive preparations […]” “[…] so-called alternative medicine.” 

When P1 returned to the computer and read the revised text for the first time (in phase 3), the conflict 

of opinion became evident (‘<…>’ means that a participant is reading the text aloud): 

P1, TA: “‘<What is indisputable is the placebo effect… most radical advocates…>’… What!? What?... 

so ‘<his self-healing powers…>’ yes, okay, well. If he thinks so. I don’t think so, but if he thinks so, mmh…” 

“… that is so … well, but, so, what strikes me is… he is obviously against homeopathy… yes, that is obvious. 

Well! I’m gonna write something into it.”  

P1, wrote text: “[…] effect does also occur with allopathic drugs”.

P1, deleted: “so-called” in “so-called alternative medicine” and deleted: “outrageous” in

“outrageous pseudo-scientific ‘facts’”. 

Even if P1 advanced a pro homeopathy view, she did only delete “outrageous” and did not edit the 

attribution “pseudo-scientific”. Again this seemed to be an attempt to find a compromise between the two 

contrary positions. P1 subordinated her own opinion to the goal of writing a common statement. We observed 

similar processes for P2. Even if he had a contra homeopathy view, he did try to find formulations with which 

he could anticipate the agreement of P1.  

In another episode P2 highlighted the empowerment of patients and the obligation of physicians and 

politics to extensively inform patients about homeopathy: 

P2, TA: “Enlightenment is an important point” 

P2, wrote text: “[…] a way that enlightens patients […] nonsensical and harmful […]” 

P2, TA: “Alas! It’s no use.” 

P2, deleted: “that enlightens patients […] nonsensical and harmful […]” 

P2, wrote instead: “In any case the patient should be the priority.” 

Probably, as result of the anticipation that P1 would not accept the description of homoeopathy as 

“nonsensical” or “harmful”, P2 deleted this part of the text and searched for more moderate wording. This, 

again, points out that internal processes are influenced by external, that is, (anticipated) social processes. P2 

started to write down his opinion about homeopathy as a nonsensical and harmful method, but then deleted the 

written text and attenuated his point. Filtering his own knowledge before externalizing it to the shared document 

alleviated the perceived socio-cognitive conflict between his own knowledge and the information in the wiki. 

Again, the thinking processes seemed to be influenced by the perception of the social system. In this way, the 

previous collaboration, the externalized knowledge of both participants, and their common goals led to a more 

moderate formulation.  

In the presented data we observed that the participants tried to come to an agreement and made 

compromises. As the goal of their collaboration was to write a common text, the participants subordinated their 

individual goals. They solved occurring conflicts by filtering their own knowledge, or even by going so far as to 

not externalize specific arguments. Thus, internal processes and the resulting process of externalization were 

strongly interdependent. Both processes took place simultaneously as a continuous exchange between cognitive 

and social systems. 

Conclusion
In this paper, we have elaborated the interdependence between internal and external processes of knowledge 

construction. We examined the internal process by asking the participants to think aloud and the external 

processes by recording the writing process closely. This allowed us to observe internalization and 

externalization as interdependent processes that take place at the same time. Our data highlight the continuous 

exchange processes between cognitive and social systems and the resulting process of knowledge construction. 

We interpret the observed processes as a co-evolution of cognitive and social systems. We created a specific 

setting in which two people with extensive knowledge on a given topic, but with contrary opinions, had to 

collaborate and construct a common statement. This setting provided ideal conditions to study the postulated 

process of knowledge construction.  

The socio-cognitive conflict was a key incitement factor of the collaborative construction of knowledge 

and had to be resolved by the two participants. Thus, the participants made compromises and integrated their 

different arguments. This led to the reported gap between thinking and writing as an indicator for the influence 

of the social system on individual processes. In the described collaboration of the two participants we observed 

a development of collaboration norms during the writing process. Even if there was no direct interaction via 

chat or face to face, the collaboration using the shared text was strongly influenced by the perceived or 

anticipated reactions of the other person and by the knowledge which was presented. The current status of the 
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shared document as a social system strongly influenced how an individual chose to introduce his/her own 

knowledge into a shared artifact. We also observed a behavior that might be called a strategic component of 

knowledge construction: A controversial idea with an anticipated low chance of survival in the knowledge 

construction process was not even externalized. 

To sum up, new knowledge may develop when people interact with each other via a shared digital 

artifact such as a wiki text. The integration of different arguments is triggered by the perceived cognitive 

conflict. We could describe this process of knowledge construction as co-evolution of internal and external 

processes. The method of combining a think-aloud protocol with a close observation of the writing process 

emphasizes that research on knowledge construction should consider internal and external process at the same 

time.  

Future studies should aim at extending and modifying our research procedure in two respects. First, 

further analyses might consider examining a collaborative situation in which the participants do not have such a 

strong commitment to their respective positions. In many situations in research on computer-supported 

collaborative learning this is rather unusual, for example in scripted scenarios where one person is given 

different information than another. Second, in our research setting knowledge construction was more constricted 

than in typical collaborative interactions with wikis. Usually people have more freedom to organize their 

collaboration than with our predefined time periods. Future studies might apply our approach to examine 

collaboration scenarios with higher degrees of ecological validity—for example with wikis in educational 

contexts or on the Internet. 
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