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ABSTRACT 
Reflection is a common activity at work. Collaborative reflection 
is an activity in which multiple participants add to reflection by 
sharing experiences, perspectives and insights together, thus 
transcending individual capabilities. Despite its potential for 
change at workplaces, there are little insights on how to support 
collaborative reflection with technology. To close this gap, this 
paper analyses four cases in which a tool to support collaborative 
reflection has been used at different workplaces. It uses qualitative 
data from app usage, an analysis of content from the tool and 
feedback gathered from participants to shed light on how people 
use support tools for collaborative reflection. The results of this 
wok include factors supporting and constraining reflection in tools 
as well as implications for tool design.  

Categories and Subject Descriptors 
K.3.1 [Computer Uses in Education]: Collaborative learning; 
K.4.3 [Organizational Impacts]: Computer-supported 
collaborative work. 

General Terms 
Measurement, Performance, Design, Human Factors  

Keywords 
Reflection, Collaborative Reflection, Workplace, Learning 

1. INTRODUCTION: SUPPORTING 
COLLABORATIVE REFLECTION 
Reflection is a common activity performed by people in different 
work places every day: Workers ask themselves whether they can 
do better in certain situations, teams analyze their performance 
and think about improving their cooperation, and during work 
people question their doings and try to improve. Conceptually, 
reflection can be understood as returning to experiences, re-
assessing them in the light of current knowledge and drawing 
conclusion for future work from this [3]. This refers to what 
Schön [23] describes as reflection-on-action in contrast to 

reflection-in-action which happens right while conducting a task. 
This process of drawing conclusions from the insights gained by 
reflecting on past experiences needs attention to work being done 
and the rationales for doing it the way it was done [32] as well as 
a mindset of being open to learn from current or past experiences, 
which needs to be established and spread to make reflection 
effective in organizations [30].  

Despite the benefit of reflection and the awareness of people for 
this benefit reflection may not always be possible for workers – 
there might be no time and space to do this, or there may be other 
constraints. If it is then shifted to a certain time after the 
experience, fading or incomplete memories may hinder adequate 
reflection. In addition, relevant information to reflect on certain 
experiences may not be available for individuals, but only from a 
group of people. These and other constraints of reflection in daily 
practice may be diminished by tool support for reflection that 
helps people to keep memories of experiences, gather different 
perspectives on these experiences, reflect on them individually or 
in groups and share insights derived from reflection (see e.g., 
[13,15,26]). 

It has been found that collaborative reflection may create insights 
beyond reflection outcomes that individuals can produce by 
combining different people’s perspectives and knowledge [13,20], 
and that this needs specific support for the collection, coordination 
and combination of different contributions to the reflection 
process. Unfortunately, research on reflection support mainly 
covers individual reflection and education settings, in which 
constraints such as time and space occurring in many workplaces 
often do not play a decisive role, as reflection is part of the 
curriculum. Consequently, there are only a few insights on how to 
provide collaborative reflection support with tools (e.g., 
[16,26,33]). Given the potential of collaborative reflection at work 
there is a need to fill the resulting research gap.  

2. COLLABORATIVE REFLECTION: 
RELATED WORK 
2.1 Understanding Collaborative Reflection 
Collaborative reflection differs from individual reflection, and 
therefore imposes additional requirements for tools: If people 
want to reflect together, they have to make experiences explicit, 
share and compare them, collaboratively gain insights and create 
ideas for change in future work [6,33]. This needs communication 
support e.g. for the exchange of similar experiences and to 
collaboratively understand them [4,10,33]. In work on face-to-
face collaborative reflection it has been shown that structuring the 
process can be helpful [4], that there is need to support the 
articulation of issues to reflection upon [2] and the possibility to 
refer to each other [11]. 
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British care home for people suffering from dementia. The aim of 
this study was to support care staff in improving their skills in 
conversations with residents, relatives and third parties.  

The cases were conducted within different timeframes and with 
different amounts of users – the study configuration was based on 
the goals and resources of the different organizations. Table 1 
gives an overview of time and participants for each case – it 
should be noted, however, that the numbers for the participants 
given in the table refer to the total amount of participants in the 
beginning of the study. In each study participants dropped after a 
short period of time, reducing the actual amount of users. This 
was especially relevant for case 1, in which six participants 
stopped using the tool after a couple of days of activity. As 
participants dropped out at similar times (some after initial usage, 
some after a couple of days) and given the sample size we cannot 
differentiate groups of users and will refer to the full number of 
participants for each study in this if not explicitly stated 
differently. Using the data of all participants is necessary because 
the content they put in the app during the first days cannot be 
removed from the rest of the content, as for example other 
participants commented on each the notes created by the dropouts. 

Table 1. Overview for cases of using the TalkReflection App. 

In each case, the TalkReflection App was introduced to the 
participants in on-site workshops including an introduction of the 
app and a session of initially using of the app, asking some users 
to provide real experience reports and others to comment on them. 
It was also discussed how the app could be used in the respective 
workplace, including how to use it in meetings or during the day. 
No further instructions were given, and the groups were allowed 
to use the tool in a way that suited the group best. 

The resulting usage of the tool, although voluntary in each case, 
differed in terms of organization and conduction (see Table 1): In 
case 1 and 4 participants used the app in a self-directed way to 
reflect in the team of workers, meaning that the organization and 
course of reflection was left to the participants. In contrast to that, 
cases 2 and 3 had dominant users, who took control over the 
reflection process: in case 2 the manager responsible for the 
departments took the role of driving the usage and in case 3 the 
head physician played this role. In cases 1, 3 and 4 the app was 
used in parallel to other work, while in case 2 it was integrated 
into the process of merging the departments, including meetings 
in which the participants discussed issues reported in the app. In 
addition, the opportunities for face-to-face communication 
differed, as in cases 3 and 4 users worked on the same floor, while 
in case 1 the interns worked at different workplaces in different 
buildings and in case 2 the two departments were located in 
different buildings as well. Table 1 summarizes this information. 

3.3 Measures for Collaborative Reflection  
Our work aimed at understanding the use of the TalkReflection 
App as a particular collaborative reflection support tool in 
different groups and workplaces by analyzing each group but also 
by comparing group behavior and output. We took into 
consideration specifics of each case and derived insights on the 
role of tools to support collaborative reflection at work. 

The analysis was done with a mixture of tools to ensure a holistic 
view on how the participants in the studies use the TalkReflection 
App. For this we combined usage and content analysis with 
qualitative feedback from participants to also capture the 
subjective impact created by using app:  

 Usage analysis was done by the amount of content created 
over time and analyzing the conversation structure. 

 Social network analysis was applied to analyze the 
communication between participants. 

 The content created by the participants was analyzed with a 
specially developed content coding scheme.  

 The results from the analysis mentioned above were 
compared to feedback given in interviews and focus groups. 

We are aware that in our analysis we are facing an observer 
problem: While we have detailed data on what happened in the 
app, we have comparably little data on reflection outside the app, 
that is, reflection possibly started in the app and continued in face-
to-face situations without leaving traces in the app. Therefore we 
cannot make general assumptions on the collaborative reflection 
taking place in the cases from our analysis, but we can derive 
insights on how users reflected in the app and the impact resulting 
directly from using the tool for collaborative reflection. This 
reflects the perspectives of users reflecting in the community 
connected by the tool (which is not necessarily co-located as for 
example in cases 1 and 2), new users entering the app or users 
who cannot be present in certain face-to-face encounters.  

3.3.1 Usage analysis: Measures  
Besides content analysis, analyzing and comparing group 
behavior needs data describing group and individual behavior to 
set group activity and outcomes into context. Using a theoretical 
and empirical base showing that collaborative reflection relies on 
the sharing of experiences, articulating perspectives and opinions 
on such shared experiences and engaging in collaborative 
sensemaking and inference, we found that we also need means to 
describe and analyze user and group activity. Concerning 
descriptive data on user and group activity we use  

 the amount of experiences reports and comments made on 
them (using the terminology from the description of the 
TalkReflection App) as information about general activity 
necessary to make reflection work in a group (creating, 
sharing, commenting, see [6,13,33,35]). To compare these 
figures among cases, they need to be normalized, that is set 
into relation to the timeframe data was collected in and the 
amount of users participating in the case.  

 the average length of communication threads as proposed 
by [18] to provide insights on the engagement of users into 
conversations. The average length was calculated from the 
number of comments, not counting the experience report 
being the root of each thread.  

 the answer ratio to experience reports as proposed by [8] as 
a measure for responsiveness of the group. This measure is 
also an indicator for attention to others’ contributions, which is 
crucial for collaborative reflection [4,9,11,17]. The answer 
ratio was calculated as the ratio between the number of 

 Case 1 Case 2 Case 3 Case 4 

Domain Interns, 
public ad. 

Public 
admin. 

Hospital Care 
Home 

Participants 18 12 9 9 

Duration (days) 51  80 42 50 

Time Sep-Oct 
2013 

Aug-Oct 
2013 

Jul-Aug 
2013 

Aug-Sep 
2013 

Dominant user no yes yes no 

Process integr. no yes no no 

Co-location no partly yes yes 



experience reports commented on by at least one user 
compared to the total number of experience reports.  

Adding to such descriptive data on user interaction, we use basic 
social network analysis as proposed by [8,37], including  

 the density of the graph resulting from conversations as 
proposed by [8]. This graph is composed by directed edges 
between users, and an edge is added from user A to user B if 
user A has added a comment in a thread originating from user 
B’s experience report. The density of the graph is then 
calculated as the ratio between the number of edges in the 
graph and the possible maximum of edges). It shows how may 
different pairs of people communicated in the group. 

 the ratio of unique edges in the graph as a measure of 
diversity in group communication. The number of unique 
edges is calculated by counting how many edges are exactly 
once in the graph, and it shows how many different edges are 
in the graph – an edge may be in the graph more than once 
between two users A and B if there were multiple comments of 
user A to user B’s reports. The unique edge ratio is then 
calculated as the ratio between the number of unique edges and 
the total number of edges in the graph. A high ratio thus means 
that many different pairs of users communicated with each 
other, thus indicating high diversity. A low ratio means that 
there were fewer pairs, implicating that there were some pairs 
in the group that communicated more often with each other. In 
contrast to the density of the graph this measure is stable 
against users dropping out early as it uses the actual amount of 
edges in the graph instead of the possible maximum amount as 
a basis. 

Based on the suggestion to apply combined approaches for the 
analysis of conversations, we used the abovementioned measures to 
analyze collaborative reflection in the cases and to complement the 
content analysis described below.  

3.3.2 A Coding Scheme for Collaborative Reflection 
Content  
Besides data describing the interaction between users, the content 
created in the TalkReflection App provides good insights into how 
the tool was used in the cases. Facing the lack of existing schemes 
or methods to analyze collaborative reflection content in tools and 
drawing from the work described in section 3.3.1 on (collaborative) 
reflection we developed a coding scheme to analyze content of 
reflection support tools. It distinguishes different phases of 
reflection as describe din in section 3.3.1, starting from the 
description of an experience and ending with the description of 
changes in own behavior made or to be made. In particular, it 
includes nine phases as described in Table 2. 

These phases in the scheme may build on each other. In a reflection 
session the description of an experience may be followed by the 
provision of one or more interpretation, one or more proposals for 
action and possibly the mentioning of learning and change. 
However, the choice of single codes does not depend on other 
codes, meaning that for example we may code 7b for solutions 
suggestions directly after using code 1 for a description of 
experiences without needing any other code in between.  

Besides describing different aspects of collaborative reflection, the 
codes can be subsumed into three basic stages of reflection 
described similarly by Fleck and Fitzpatrick [9] and de Groot et al. 
[11]. The stages were aligned to the levels of collaborative 
reflection differentiated by Fleck and Fitzpatrick [9], and they 
include (1) the description and sharing of experiences and emotions 

from them, (2) trying to understand and solve issues in experiences 
shared, and (3) describing learning and change. 

Table 2. Coding scheme for content in collaborative reflection 
tools, with example from the content analyzed. 

Code Phase 

1 Description of an experience and mentioning of an 
issue in an experience report or in comments, including 
the course of actions for the experience, e.g. “I had a 
very rude person on the phone. She […]”  

2 Mentioning and describing emotions of oneself or 
others to complement the description of experiences, 
helping the authors and others to later go back to the 
emotions, e.g. “this really made me angry”. 

3 Interpreting or explaining behavior in the 
experience, including rationales for certain own or 
others’ behavior as well as potential reasons for issues, 
e.g. “It [the experience] was made worse by that fact that 
[…]”. 

4 Linking an experience explicitly to other experiences 
by mentioning or describing own or others’ experiences 
relevant to the experience described, e.g. “I had a similar 
situation last week […]”. 

5 Linking an experience to knowledge by referring to 
own or collective knowledge, data and other resources 
relevant to the experience, including advice without 
further explanation, e.g. “Never do […]” or “Perhaps 
send an email before approaching in person”. 

6a Responding to the explanation of an experience by 
providing possible alternative perspectives to the 
original interpretation, e.g. “I might have said […]”. 

6b Responding to the explanation of an experience by 
challenging or supporting assumptions, opinions or 
attributions made, e.g. “Agreed!” or “Hmmm. Is this 
really different from […]?” 

7a Contributing to work on a solution by providing 
reasons for the issue by explicitly mentioning the 
background of the issue or going beyond standard 
solutions, e.g. “Could it be down to […]?” 

7b Contributing to work on a solution by providing 
solution proposals, including reasons for the proposal 
or experiences linked to it, but without proposing to set 
them in practice; e.g. “I suggest this is escalated to your 
manager because […]” 

8a Showing insights or learning from reflection by 
describing better individual understanding of the 
experience and drawing conclusions for own work, e.g. 
“I realized I should not be worried about …” 

8b Showing insights or learning from reflection by 
generalizing from reflection by finding solutions that 
fit beyond the context of the current experience reflected 
on, e.g. “The key for us guys is definitely […]”  

9 Describing or implementing change such as proposing 
to apply practices, discussing change implementation or 
describing change set into practice, e.g. “Will definitely 
try and do […] in the future”. 



Stage 1 is concerned with the basic elements of reflection such as 
descriptions of experiences, emotions and initial assessments, 
which are created by an individual.. Stage 2 comprises activities 
in the actual collaborative reflection process such as exchanging 
experiences and knowledge (codes 4 and 5) as well as critically 
referring to each other and contributing to solutions (codes 6 and 
7). Stage 3 is focused only on outcomes as the decisive part for 
success of collaborative reflection. This includes the description 
of learning insights (codes 8a and 8b) or plans for changes (code 
9). This stage needs to be separated from the reflection process 
conceptually, as for example in contributions tagged with codes 
7a or 7b people may juggle with different thoughts and aspects, 
while reaching stage 3 means they have to report insights and 
actual change. Table 3 summarizes these stages and shows which 
codes belong to each stage. In our analysis we assigned a 
communication thread to a certain stage if at least one code of the 
stage applied to the session. We used these stages to analyze the 
success of collaborative reflection that can be perceived from 
using the app.  

Table 3. Stages of reflection and codes related to the stages. 

Stage Description Codes  

1 Provision and description of experience, 
but no (explicitly) traces of reflection 

1, 2 

2 Reflection on experiences, including 
analysis and potential solutions, but no 
(explicit) mentioning of learning or change 

3-7 

3 Learning or change resulting from reflection 
explicitly mentioned 

8, 9 

The differentiation of these levels allows an analysis of the 
success of using the tool, that is, how far (in terms of results) 
users got in their reflection with the tool and how much these 
users could benefit from using the tool by becoming aware of 
shared perspectives on issues or learning and change happening.  

3.4 Dataset for the Analysis  
For the analysis of the four cases we used a dataset for each case 
that contains all content created in the cases within the respective 
timeframes shown in Table 1 as well as log data on usage of the app 
and qualitative data such as feedback from participants and 
observations made onsite in the cases.  

For the analysis we reduced the resulting dataset to collaborative 
content, that is, content including a report describing an experience 
and at least one comment on that experience. This was done to 
ensure we only analyzed content created in interaction between 
people. The figures for “answer ratio” (the proportion of reports 
receiving at least one comment) in Table 4 show that for every case 
this was the vast majority of content. After coding the content, we 
removed non-reflective content from the dataset, that is, content in 
which there were no traces of reflection, indicated by no code being 
applicable to the conversation. Again, this was only the case for a 
few cases, thus not reducing the dataset drastically. Table 4 shows 
the resulting number of conversations analyzed for each case. These 
two steps reduced the dataset from 109 conversations and 176 
comments to 74 conversations and 159 comments analyzed. 

3.5 Participant Feedback 
Additionally to the usage data and the content in the app we 
received different direct feedback from participants. This feedback 
was received on different ways in the different cases due to different 
possibilities to receive this feedback. Most important, while in cases 

2, 3 and 4 we were able to hold focus group meetings of 
participants, this was not possible in case 1 due to the different 
workplaces of the interns. In cases 1, 2 and 3 we were able to 
conduct a debriefing meeting with the manager of the group, which 
was not possible in case 4. In case 3 we were able to conduct short 
interviews with participants. In all cases, we received occasional 
feedback via email. Given these differences the data cannot be 
compared to each other but still contains valuable insights on the 
cases. 

4. RESULTS 
4.1 App Usage and Group Behavior  
To understand how the app was used in the different groups, we 
compiled the basic usage data as described above and set it into 
relation to the time and amount of users in each case. Table 4shows 
the resulting figures describing the usage of TalkReflection in the 
cases. In our analysis, we differentiated between average usage per 
user and day to account for the different numbers of participants, 
and overall usage figures of activity not regarding the number of 
users (e.g., reports per day). While the former gives insights into the 
activity and motivation of each user, the latter is a measure for the 
impression of activity a user gets from the app. 

It can be seen from Table 4 that in all cases a fairly high proportion 
of experience reports created were also commented on (answer ratio 
between 0.71 for case 2 and 0.88 for case 3). This indicates that the 
app has been used collaboratively and that users had an interest in 
reflecting together in all cases. The lower value for case 2 may be 
caused by scale effects, meaning that users had more choice to 
comment on (nearly twice as many reports) and thus stuck to the 
most interesting ones. Other figures show that collaboration differed 
in its intensity: In cases 2 and 3 the average user created 0.31 
experience reports per day (“Reports/user, day”), while this was less 
in cases 1 and 4 – again we need to take into account that in case 1 
several users stopped using the tool after a couple of days, thus 
lowering the respective average values for case 1. Likewise, we can 
see that in cases 2 and 3 the average user created more comments 
per day than in cases 1 and 4. Therefore we can conclude that users 
in cases 2 and 3 were about twice as active as users in the other 
cases.  

Table 4. Usage figures for the four cases. 

 Case 1 Case 2 Case 3 Case 4 

Reports 24 45 25 15 

Reports/day 0.47 0.56 0.57 0.48 

Reports/user,day 0.03 0.05 0.06 0.05 

Comments 47 65 39 25 

Answer ratio 0.83 0.71 0.88 0.80 

Comments/day 0.92 0.81 0.93 0.50 

Comments/user,day 0.05 0.07 0.10 0.06 

Avg. thread length 2.35 2.03 1.77 2.08 

Concerning the intensity of communication, that is how many 
reports and comments were created per day, activity in the cases 
was similar, with the exception of the low number of comments per 
day for case 4. In case 1 there were on average more comments in 
communication threads than in the other cases, with case 3 showing 
the lowest value for average communication thread length. Thus we 
may conclude that case 1 showed more overall activity than the 
other cases (although per user and day this was different due to the 
dropouts), while the others trail in at least one aspect (answer ratio 



for case 2, thread length in case 3 and comments per day in case 4). 
This can only be partially attributed to the number of users in case 
1, as – including the early dropouts in case 1 – case 2 had a similar 
number of users.  

Regarding the collaborative reflection activity in the app, the answer 
ratio was fairly high in all cases, with case 2 trailing the others and 
case 3 showing the highest value. Likewise, the number of new 
experience reports per day is similar in all cases, while the number 
of new comments per day is significantly lower for case 4 than in 
the other cases. This means we can consider cases 1 and 3 to be 
most active in terms of output, while in case 2 some experience 
reports were not regarded by users and in case 4 users created less 
comments.  

Besides a description of the groups and how they worked, the 
figures in Table 4 also provide insights into the average usage for 
tools supporting collaborative reflection: Averages of about 0.5 
documents per day, 2.6 to 5.4 comments per user and 0.5 to 1 
comment per day in all cases suggest that the usage we observed 
may be typical for small to medium groups using reflection tools 
like the TalkReflection App. Feedback from participants and our 
observations underpins this: Participants in different cases told us 
that they do not encounter critical situations every day and therefore 
did not use the app more often. Given that in case 1 several 
participants stopped using the app early (see section 3.2), we may 
expect the numbers to be slightly higher in practice. However, while 
other studies run in other settings suggest that reflection tools may 
be used more often (e.g., [15]), when using collaborative reflection 
tools in real work environments we should expect usage as 
described by the figures in Table 1 and Table 4. 

4.2 Collaboration Network 
Looking for insights into the collaboration network in the app, we 
applied basic social network analysis as proposed by [37,40] to the 
log data gathered from the cases (see section 3.3)1. The network 
graph analyzed includes the participants from the cases as vertices 
and the connection between a user commenting on another user’s 
experience report as directed edges from the user commenting to the 
user being commented on. This means that for each graph the 
number of edges is the number of comments and the number of 
vertices is the number of users in the cases as shown in Table 4. 

As Table 5 shows, graph density is lowest for case 1 and highest for 
case 4, with cases 2 and 3 in between. This indicates that in case 4 
more users were connected to each other than in the other cases; the 
low density for case 1 can be explained by the several dropouts in 
the study as mentioned above. This is underpinned by the fact that 
the unique edge ratio is highest for cases 1 and 4, and considerably 
lower for cases 2 and 3. This suggests that communication in cases 
1 and 4 was more diverse (more different pairs of users 
communicating) than in cases 2 and 3, while the low values indicate 
in cases 2 and 3 there might have been fewer but closer 
communication relationships established.  

Table 5. Analysis of social network aspects in the cases. 

 Case 1 Case 2 Case 3 Case 4 

Graph density 0.10 0.17 0.19 0.25 

Unique edge ratio 0.62 0.18 0.21 0.60 

                                                                 
1 The social network analysis was done using NodeXL, a 

Microsoft Excel based tool (https://nodexl.codeplex.com/). 

These differences can be attributed to the different cooperation 
styles established or chosen in the cases: While in cases 1 and 4 
participants used the tool in a self-directed manner, in cases 2 and 
3 a user dominating the others was present (see section 3.2): In 
case 2 the manager of the participant had decided to drive the 
reflection in the tool, and in case 3 the senior physician had asked 
his staff to use the tool and promised to comment on the issues 
shared by them in return. This resulted in multiple communication 
edges between the respective manager and different other users, 
and (as some users were reluctant to add a comment before the 
dominant user had added one) fewer other edges.  

4.3 Content Analysis: Collaborative 
Reflection Outcomes  
Content coding was done independently by two coders on the 
level of single contributions to conversations (reports and 
comments). This means that a code was assigned once or not at all 
to an experience report or comment. The coding resulted in 597 
codes assigned by the two coders.  

Concerning the agreement among coders, we calculated values for 
Krippendorff’s Alpha for each code. Results were mixed: While 
we found acceptable values (.75 and slightly below) for some 
codes (e.g., codes 4 and 5), we also found worse for others (e.g., 
codes 6a and 7a). Analyzing the differences between the coders 
we found that despite differences in some codes there was good 
agreement concerning the stage of reflection reached in each 
conversation (see Table 3 for the stages). When calculating the 
inter-rater agreement on these levels, we arrived at good 
agreement values (97% for stage 1, 96% for stage 2, 80% for 
stage 3). Although the level of details is lower for these stages 
compared to the coding scheme, the quality of the resulting data is 
better. Therefore we will describe results from the coding by the 
levels reached in the conversations. To further enhance the quality 
of the coding for stage 3, the coders discussed differences in using 
codes 8a, 8b and 9, resulting in a coding agreed upon the two 
coders. This data was used for the following analysis.  

Table 6. Stages of collaborative reflection reached in the cases. 

Stage  Case 1 Case 2 Case 3 Case 4 

# Conversations 17 24 21 12 

1 100 % 95.8 % 100 % 100 % 

2 94.1 % 95.8 % 95.2 % 83.3 % 

3 23.5 % 33.3 % 0 % 16.7 % 

Analyzing the content coding and applying it to the three stages of 
collaborative reflection described in Table 3, we found that stages 
1 and 2 were reached in most conversations throughout the cases, 
while there are differences in the proportion of conversations that 
led to outcomes on stage 3. The results for stage 1 are not 
surprising, because before the coding the obviously non-reflective 
conversations were eliminated from the sample. The 
conversations that did not reach this stage (only two thread in case 
2, see Table 6) were initiated by the respective user with solution 
suggested for a certain problem and reflected upon afterwards, 
thus lacking the description of concrete experiences. The high 
proportion of conversations that reached stage 2 is a result better 
than we initially expected, especially for the cases with lower user 
numbers. The figures for stage 3 show major differences between 
the groups with case 2 reaching this stage for one third of all 
conversations and case 3 not reaching it in any thread. Table 6 
gives an overview of stages reached.  



Interpreting these figures, we can see that if reports on 
experiences received at least one comment (that is, the data set we 
coded) the conversation was very likely reach stage 2 and thus to 
be reflective – even in the worst case (case 4) 83% of the 
conversations reached this stage. This can be seen as a success of 
the tool, especially because we found in earlier studies that many 
conversations in which issues had been brought up were not 
systematically reflected on, and for the few that people reflected 
on there were no traces left of the corresponding conversation 
afterwards [reference omitted for blind review]. This shows how 
the TalkReflection App changed collaborative reflection in the 
cases: It created opportunities to reflect together asynchronously 
(that is, without the need to switch from other tasks or to step back 
immediately from work when being told about an experience) and 
made outcomes from reflection available after the reflection 
session and outside face-to-face group meetings.  

In addition, we may conclude that cases 1 and 2 were more 
successful in terms of learning outcomes and change, and that in 
case 3 no learning took place. We are aware that concluding from 
the lack of explicit mentioning of this stage that neither learning 
or change resulted from using the tool is dangerous, as 
communication on this may have taken place outside the tool in 
face-to-face situations. In fact feedback from participants and our 
observations in workshops revealed that this was true for many 
cases. However, with a focus on the role of tools in collaborative 
reflection support, which may bring together reflection groups 
unable to reflect in daily face-to-face interaction, lower 
percentages of stage 3 reached for a group also mean that by using 
the tool a user gets less information on what can be learned and 
derived from experiences shared. The result for stage 3 is a pity 
especially in cases such as case 3, in which there was good effort 
in using the app but not even one result from reflection 
documented. In such cases if people are not part of meetings or 
other occasions in which communication on what to draw from 
the discussion in the tool takes place cannot take full benefit from 
collaborative reflection. 

The high proportion of stage 2 conversations and the existence of 
some conversation reaching stage 3 also show the impact of using 
the tool: In almost all cases the tool enabled reflection among 
users and – especially in cases 1 and 2 – often led to explicit 
articulations of outcomes from reflection. Comparing this to 
situations we faced in earlier case studies [reference omitted for 
blind review], in which many experiences to be reflected as well 
as ideas and insights from reflection were soon forgotten, this 
makes reflection not only possible, but also sustainable and 
understandable for those not directly involved but reading through 
the content of a tool afterwards. 

4.4 Participant Feedback 
This section describes the feedback of the different sources 
described in section 2.5. In case 1 participants and the manager 
told us that reflection with the tool helped them to cope with 
challenges they met as new employees in their respective jobs. 
We were also told that activity in the tool only lasted a short 
timeframe, as interns have short-time contracts and thus the user 
base soon became too small – new users were not added by the 
interns’ manager.  

In case 2 participants told us that using the tool was valuable to 
reflect on own practices and changes on it in the upcoming merge 
of the departments, especially when reflection could not be done 
immediately. Their manager as the leading users of the tool added 
that in his impression the two departments had become closer to 

each other as a result of reflection, and that he had liked to bring 
up topics and to ask his staff to reflect on them. 

In case 3 some participants told us that despite using the tool they 
did not see much value in it as they had known most experiences 
reported from face-to-face interaction before. Others mentioned 
that the exchange had helped them to know that others had similar 
problems, and to receive advice from the senior physicians, who 
had added this advice to nearly all reports. Overall, the perception 
of value added by the tools was low among the assistant 
physicians. The senior physician driving the usage stated that he 
felt the tool gave him the opportunity to train his staff. 

In case 4 participants told us that they were asked by their 
manager to use the tool only in breaks and in the small office of 
the care home, which they only used for documentation purposes. 
Those who had used the tool despite these constraints told us that 
they found it valuable to reflect on stressful cases, but were 
limited severely by time constraints in using the app, which was 
an extra effort for them. Some participants told us that they had 
asked for more time and to discuss some issues from the app in 
their meetings, which was refused by the manager.  

The feedback of participants adds a flavor to the analysis that data 
and content analysis cannot create. In particular, is shows the 
attitude of participants towards the TalkReflection App, which 
would have been overshadowed e.g. by orders to use the app (case 
3) or constraints hindering the usage (case 4).  

5. DISCUSSION 
The results of our studies give good insights into how participants 
used the TalkReflection App in each case, and also how the 
groups differed from each. Given the lack of insights in this area, 
this paper takes the support of collaborative reflection a step 
further. Striving to answer the research questions given above, 
this section analyzed these results. 

5.1 Using Tools for Collaborative Reflection: 
Patterns in Group Activity  
The results from the studies show that in each of the cases there 
was activity and engagement in collaborative reflection using the 
TalkReflection App. The results also show that there were 
differences in this activity and that the participants perceived the 
value of using the app differently. Comparing the cases reveals 
that there are some decisive aspects that accounted for success or 
low activity and perceived value. 

For case 1 we can see good values for overall collaborative 
reflection activity (reports and comments per day, answer ratio) 
and in participation (highest unique edge ratio and average thread 
length). Other values on activity per user would have been higher 
without the dropouts in the study. The case also shows a good 
amount of stage 3 reflection outcomes, but the number of reports 
is fairly low given the amount of users. Overall, case 1 can be 
regarded as a case in which the TalkReflection App has added 
value to the group. This is underpinned by the feedback we got 
from the interns. This may be attributed to the spatial situation of 
case 1, in which the interns worked at different departments and 
did not have the opportunity to reflect together face-to-face on 
problems they were facing. The TalkReflection App gave them 
this opportunity, resulting in good uptake and results.  

For case 2 we can see good values for reflection activity (good 
values for reports and comments per user and day), and low 
numbers for diversity (lowest unique edge ratio) and participation 
(lowest answer ratio). In addition, case 2 has the largest 
proportion of cases reaching stage 3 of reflection. Therefore, case 



2 is an example in which average or low figures for participation 
and diversity do not predict little reflection success – on the 
contrary, the focus on the leading user that has caused low 
diversity in this case seems to also have fostered reflection 
outcomes. This is reflected by the feedback of users, who saw 
much value in using the tool. 

For case 3 we can see that despite good collaborative reflection 
activity (most reports and comments per day and user, highest 
answer ratio) the participation (low values for thread length and 
from social network analysis) and output (no traces of stage 3 in 
reports and comments, feedback indicating little impact) seems to 
be low. We attribute this to the organization of reflection and the 
dominant user in case 3: the assistant physicians had been asked 
to use the tool regularly, which resulted in high usage figures, but 
it had not been integrated into meetings and other face-to-face 
discussion opportunities, lowering the perceived value and 
outcomes. Moreover, the senior physician in case 3 acted as a 
dominant user giving advice in his comments how to deal with the 
respective situation rather than supporting reflection. This resulted 
in other participants waiting for him to answer and thus lowering 
the diversity in communication. Both of these effects may have 
hindered collaborative reflection to take place to an extent that 
resulted in traces of learning or change (stage 3).  

For case 4 we can see mediocre to low figures for activity (least 
reports and comments, least comments per day), high values for 
diversity and participation (highest graph density, high unique 
edge ratio) and at least some conversations that reached stage 3. 
Taking into account the feedback we got on the constraints of 
using the TalkReflection App in this case we can take it as an 
example in which people saw value in the tool but could not hold 
usage up. The resulting low usage is grounded in lacking process 
integration and co-location of the users. 

As one conclusion from our comparison we can say that single 
dominant users in reflection groups can be good or bad for 
reflection practice. While in cases 2 and 3 activity and 
participation figures show engagement in reflection, the lead user 
led to comparably little diversity in the communication (see Table 
4). This, however, led to different effects on collaborative 
reflection output: In case 2 it seems that the manager driving the 
activity in the group caused the group to be more reflective in the 
app, resulting in the highest number for occurrences of stage 3 
reflection traces (Table 3). In case 3 the dominant user seems to 
have caused the opposite, as none of the communication threads 
contained traces of stage 3 reflection. This may be explained with 
the different roles these users played (see sections 3.2 and 4.4): In 
case 2 the manager had brought up topics and asked people to 
reflect on them, thus acting as an enabler and driver of 
collaborative reflection. In case 3 the physician had asked staff to 
add experience reports and – instead of driving reflection – has 
added his advice from the perspective of an experienced senior 
physician, which users may have just taken instead of continuing 
reflection – here the dominant user acted as an unintentional 
blocker of reflection activity. In both cases the focus on the 
dominant user may also be responsible for the low diversity in 
communication, as their comments may have discouraged others 
from commenting, resulting in edges from them other users may 
have dominated the respective social network.   

Another conclusion from the comparison is that scale matters: the 
results of the different groups go along with group size and 
overall activity. Even if per user and day cases 3 and 4 in some 
respect performed equal or slightly better than cases 1 and 2, the 
latter cases contain more results on the outcomes stage 3 of the 

content analysis. This may be caused by the fact that with more 
users a higher overall number of documents and comments is 
created, also resulting in a higher average communication thread 
length. In addition, for users (new or existing) of a collaboration 
support tool a higher amount of content available makes using the 
tool much more attractive, as they can see that people engage in 
collaborative reflection in the tool and that issues are reflected on 
intensively. This assumption is supported by the fact that the 
lower answer ratio in case 2 seems to have had no negative effect 
on the stages of reflection reached or any other figures – in 
contrast case 2 has most outcomes on stage 3 of reflection. This 
might be explained by the higher number of reports to choose 
from, which gives users the chance to decide for engagement in 
discussions on cases they are really interested in and which they 
can contribute to. Taking these observations together, we may 
conclude that collaborative reflection support tools such as the 
TalkReflection App are more beneficial to groups of 10-15 and 
more people than they are for small groups.  

5.2 Factors supporting or constraining 
Reflection Support Usage  
The comparison of the groups as described above points to 
measures and figures that help to explain why collaborative 
reflection works better or worse in different settings: 

 Stages of reflection: Differentiating between the stages 
described in Table 3 is a good indicator of reflection success 
or failure; especially the differentiation between stage 2 and 
3 seems to be crucial. Our results for stage 3 outcomes as 
shown in Table 6 go along well with the perceived value 
articulated in the feedback of participants, indicating that 
they are a measure of success in a group.  

 Thread length: In our cases, the average length of threads 
was one indicator for good reflection outcomes as described 
above and for satisfaction of users. This seems natural, as 
longer threads implicate more engagement into 
communication in the tool, thus increasing the chances that 
threads will eventually lead to good outcomes.  

In contrast to these measures, the analysis shows that other 
measures such as answer ratio or activity per user and day showed 
different values for the groups, but did not predict reflection 
success in any way, as cases 1 (low values per day and user) and 2 
(lowest answer ratio) show. Although disregarding group size, 
figures for total activity in terms of reporting and commenting 
worked much better. The other way round, particularly low values 
for such figures such as for comments per day in case 4 indicate 
that reflection has not worked well. Together with thread length as 
a good indicator of reflection success (see above), this points to 
the assumption that size and scale of reflection groups are more 
important than average individual activity. A reflection group 
might reach a threshold of activity per day from which on it might 
be perceived more interesting to choose a relevant case and to 
comment on cases – further work should look into this as a 
success factor of tools support for collaborative reflection. 

In addition to these aspects the cases also show that some 
measures cannot give insights into collaborative reflection tool 
uptake and usage without additional context. For example, social 
network analysis such as communication graph density and 
unique edge ratio cannot be considered predictors of collaborative 
reflection quality without other information given as context: In 
the cases, good output on stage 3 and participation co-occurred 
with low (case 2) and high (case 1) values for graph density and 
unique edges, and vice versa.  



The aspects described above may also help the design of a socio-
technical reflection setting, in which tools have to be embedded 
into certain circumstances and managed properly. The cases also 
point to decisive factors in this dimension: 

 Dominant user vs. self-directed use: The cases show that 
tools support for collaborative reflection can be successful in 
self-directed tool usage (case 1) and directed by a dominant 
user (case 2) – under both circumstances it may also be less 
successful (cases 3 and 4). This may be a matter of scale and 
critical mass of users being active, as for the larger group in 
case 1, in which different users were active, self-directed 
usage worked while for the small group, in which some users 
did not find the time to use the app often, it did not.  

 Role of a dominant user: Looking into cases 2 and 3 we 
have seen that the behavior of the dominant user was 
decisive for the success in these cases: A coach and driver of 
reflection fosters collaborative reflection activity while and 
advisor blocks it. We should therefore make users who might 
take this role aware of the impact they have on reflection. 
This (for some) may need a change in managers’ mindset in 
becoming a coach rather than answering all questions, and it 
may need training.  

 Process integration and co-location: The cases show that 
when using collaborative reflection tools in practice co-
location and process integration need to be taken care of 
together. For the cases (partly) co-located (2, 3, 4; see Table 
1) we saw that when there was no process integration (case 3 
and 4) the app did not produce additional value – people used 
face-to-face encounters to talk about the most important 
issues anyway. In case 2, in which half of the users were 
collocated, the manager had integrated the app into meetings 
and made it a part of people’s work. This resulted in 
successful reflection. We can also conclude that without 
process integration or good facilitation reflection support 
tools may provide limited value for co-located groups.  

Concerning the latter finding, one may argue that this does not 
come at a surprise, as in co-located groups much happens in direct 
communication. However, we saw that with good process 
integration and facilitation the app provided benefit in the (partly) 
co-located group of case 2 and that, given different behavior of 
the dominant user, this might have also happened in case 3.  

5.3  The Role of Tools in Collaborative 
Reflection 
The analysis of the cases described in this paper reveals three ways 
in which the TalkReflection App was helpful for the participants: 

 Keeping up reflection: For all cases our results suggest that 
the TalkReflection App helped participants to engage in 
reflection over a period of time. This is indicated by 
continuous usage over time, by good answer ratios to 
experience reports any by and overall satisfying activity in all 
cases. However, we can also say that keeping up reflection is 
not enough for reaching higher levels of reflection output and 
perceived value, as it was also present in the less successful 
cases.  

 Supporting face-to-face reflection: Especially from case 2 
we can see that reflection tools show benefit if they are used to 
foster reflection in face-to-face situations such as meetings. 
The manager in case 2 had included this usage from the 
beginning, which may also have motivated participants to use 
the tool. In other cases such as cases 3 and 4 this was not done, 
and consequently the app was perceived less valuable as it did 

not add much to everyday communication possibilities – in 
case 3 participants had even asked for this support. We can 
therefore consider support for face-to-face reflection, for 
example using the content of the app in meetings like in case 2, 
as a way tools can become helpful for reflection.  

 Connecting reflection participants: Case 1 and partly case 2 
show that the value added by the tool lies in the connection of 
participants who work in different places to a (virtual) 
reflection group. The interns reflecting in case 1 with other 
interns would not have had the opportunity to reflect with 
peers in similar positions regularly without the tool. Therefore, 
given a situation in which people are not co-located or have 
regular meeting, connecting them to virtual reflection group is 
a major role tools can play in reflection support.  

Besides analyzing the roles the TalkReflection App played in 
supporting collaborative reflection in the cases we also need to ask 
what improved tools for this support should be able to do. This 
means asking how a tool (besides using a lead user and proper 
processes) may support individual and groups in achieving more 
and better results from collaborative reflection. While our study 
may not provide an exhaustive list of requirements for such apps, 
the insights taken from the cases already point to some 
improvements: 

 Provoke activity: Our analysis shows that overall activity 
seems to be helpful to keep up reflection and reach good 
results. In addition we saw that if reports received comments, 
the discussion was likely to become reflective. Therefore, tools 
supporting collaborative reflection should provoke activity 
among users, e.g. by reminding users of reports shared with 
them and prompting them to create comments. 

 Scaffold dominant user role: We have shown that dominant 
users can be supportive in reflection, but that they may also 
drag too much attention to them and thus hinder reflection. 
Tools have limited power in coping with this, but may for 
example differentiate between user roles: If, like in case 3, it is 
known (and intended) in advance that more experienced users 
are part of the reflection group, a tool might enable them to 
contribute only after a certain while in order not to inhibit 
others from commenting from their point of view. Likewise, as 
tool could allow a dominant user to push reflection as a coach 
or driver by directly addressing others to contribute to certain 
discussions.  

 Point to relevant issues: Our study indicates that more users 
and more cases in total may lead to better choice among 
experiences reports, which in turn lead to more commenting. 
Besides relying on such scale effects tools may support 
reflection even more if they recommend relevant issues to 
users, thus making contributions more likely. 

 Balance diversity and intensity of communication: We have 
seen that diversity in communication (more links between 
users) and intensity (recurring links between the same users) 
may both be helpful to foster exchange among reflection 
participants and to deepen reflection. Tools may support a 
balance between these effects by managing the social network 
of reflection, e.g. showing users their existing communication 
partners and proposing new partners that might have similar 
issues at work. 

Our analysis revealed differences between group activity and – from 
combining these differences with content analysis and qualitative 
feedback – insights on which differences indicate reflection success 
or flaws in reflection. From this we identified measures that may 



predict reflection success and other measures that at least point to 
more or less successful reflection. 

In terms of setting up technology supported collaborative reflection 
as socio-technical system we can say that dominant users in the role 
of coaches have a positive influence in reflection tools, that process 
integration is decisive in small, co-located groups while connecting 
people is important in dislocated groups and that overall activity 
positively influences outcomes. In particular, our results suggest 
that for groups in which users are connected mainly by a tool a self-
directed, non-integrated approach may be sufficient, as the surplus 
of being connected and able to reflect together is enough motivation 
for users to participate. Case 1 is a model case for this. In contrast, 
for small co-located groups an approach with a user driving 
reflection and with good integration into work such as using content 
from the tool in meetings seems to work, as case 2 shows. This may 
help to overcome flaws such as lacking time to reflect, little 
perceived value and others identified in cases 3 and 4.  

In a way these results resemble the old-new themes of the disparity 
between effort invested and benefit gained [12] and added value for 
the individual [7], but we apply these general principles to 
constraints of collaborative reflection that need to be in place to 
make collaborative reflection work. Continuously analyzing, for 
example, the length of threads in a reflection tool or the overall 
group’s activity to ensure a certain amount of activity in the tool 
may help to keep reflection going in a tool. However, we regard the 
results presented here as a start for such analysis, and we will strive 
to find more of such measures to allow the design of better tools to 
support collaborative reflection. 

Our analysis also shows that results from reflection do not emerge 
automatically just by giving people tools. While we could see in all 
cases that if at least one comment was made on a report, reflection 
on the level of stage 2 was likely to happen. However, reflection on 
the level of stage 3 did not follow in the same way. Our data 
suggests that this stage may be reached more likely if the activity in 
the tool is higher and if the tool fits better to the groups, thus adding 
value to the setting it is used in (e.g. being used for meetings in co-
located settings. Likewise, we saw that a user taking charge of the 
reflection process by e.g. asking others to provide stage 3 insights 
can foster such outcomes of collaborative reflection. Looking 
deeper into these results and the implications drawn from them 
above as well, applying them to design and orchestration of 
reflection tools and refining them is necessary to support 
collaborative reflection sufficiently.  

The TalkReflection App as presented here cannot be regarded as a 
blueprint for collaborative reflection support tools in general, as 
there neither any such tools to compare it to nor a lot of insights to 
characterize what such tools need to do besides the support 
described in this paper. Therefore the results presented above cannot 
be generalized for all collaborative reflection support, but they can 
be understood as a basis to draw from for further work and research 
on collaborative reflection tool support. Furthermore, we expect 
features of other collaborative reflection support tools to overlap 
with the features of the TalkReflection App. In this sense, the results 
presented in this paper show how collaborative reflection can be 
done and provide insights into this currently not sufficiently 
researched area that can be used to build on.  

6. CONCLUSION AND OUTLOOK 
In this paper we have analyzed four cases of using the same 
reflection support tool at different workplaces. The results of the 
analysis shed light onto collaborative reflection support, which is an 
area that had not been sufficiently researched yet. From our work 
we could identify measures to be used when assessing collaborative 

reflection, socio-technical aspects of supporting collaborative 
reflection and requirements for tools implementing this support. 
While these results are not final or generalizable, they provide good 
ground to start from in further research. 

Besides the insights on collaborative reflection to take away from 
our work, we also recognized that there is need for better measures 
of collaborative reflection activity. We identified some measures 
that may help to differentiate successful from less successful 
reflection groups and create intervention for the later ones while 
learning from the former. However, these provide a rather coarse 
grained classification of such groups and their tool usage, which 
should be refined. Our future work will also look into this aspect of 
research on collaborative reflection. Likewise, there is a need to 
combine the analysis of reflection in tools better with observations 
of reflection practice outside tools to gain a better overview of the 
impact created by a tool. Combining the work presented in this 
paper with approaches of ethnographic work we pursued earlier on 
collaborative reflection [26] will thus be one direction for future 
work. 

Our work shows that collaborative reflection support is a field 
worthwhile working on, as the tool used in our cases created change 
in terms of opportunities for collaborative reflection in each case. 
We also saw that there is still work to be done in order to make 
technology supported collaborative reflection work at workplaces 
and to tap from the potential that collaborative reflection has for 
such workplaces.  
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