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Computer-supported reflective learning: How apps can foster reflec-

tion at work 

This paper discusses the potential of ICT to support reflective learning for profes-

sionals. We aggregated data collected in 20 field studies with 12 different appli-

cations, involving a total of 321 participants. The applications addressed individ-

ual reflection as well as collaborative reflection. Such a systematic analysis with 

different applications used across industry sectors and companies is unique in the 

current literature on computer-supported reflective learning in the workplace. 

Primarily, we assessed the reaction to reflection applications and their effective-

ness regarding learning, behaviour change, and organisational impact. In addi-

tion, we investigated differences with respect to work experience. Results show 

that users had a positive reaction to the apps and perceived their use to be benefi-

cial for their work by using them. In collaborative reflection an inexperienced 

employee can benefit from the experiences and perspectives of more experienced 

(co-)workers. In contrast, individual reflection was more profitable for more ex-

perienced workers. Notwithstanding the overall positive results, the actual im-

plementation of reflection applications requires careful adaptation to the specific 

organisational and situational context, as well as introductory and accompanying 

measures to assure efficient and beneficial usage of the tools.   

Keywords: Computer applications, workplace learning, learning environments, 

learning technologies, user psychology, user generated learning content 

1. Introduction 

During the past several decades, workplace learning has attracted increasing interest. 

With rapid developments in information and communication technology and increasing 

globalization, demands on employees are constantly changing. To adapt to these chang-

es, continuous advancement in skills and knowledge is crucial. This applies both to 

people who are just starting their professional lives and those who are already in the 

midst of their careers. On the one hand, formal education alone does not provide all the 



knowledge needed in actual work life (Tynjälä 2008). On the other hand, keeping one’s 

skills and knowledge up-to-date is crucial for more experienced workers in order to re-

main competitive as individuals. But keeping employees up-to-date is also important for 

a company as a whole in its competition with other organisations. 

Workplace learning takes place in both formal and informal contexts. Organisa-

tions send their employees to off-the job training sessions to specialize in areas needed, 

but the majority of learning happens on-the job, mostly informally and incidentally at 

the actual workplace every day (Cunningham and Hillier 2013). By looking up infor-

mation online, discussing with and observing colleagues, reviewing past actions, engag-

ing in decision-making, or experimenting with different solutions to problems, employ-

ees develop new skills and gain new knowledge on a regular basis (e.g., Sitzmann and 

Ely 2011; Siadaty, Gašević, Jovanović, Pata, Milikić, Holocher-Ertl et al. 2012).  

Boud, Keogh, and Walker (1985) promoted reflection as central to the learning 

process. Nowadays reflection is also understood as key in the process of continuous 

professional learning, both on the individual level (e.g., Knipfer, Kump, Wessel, and 

Cress 2013) and on the organisational level (e.g., Høyrup 2004). Reflecting about typi-

cal situations which occur at work and about one’s own work experiences can foster off-

the-job as well as on-the-job training, and therefore improve individual and team pro-

cesses at work. Following this assumption, the EU-funded project ‘MIRROR - Reflec-

tive learning at work’ set out to support this learning process by means of technology. 

During the four years of the project run time a set of reflection applications (apps) was 

designed in close cooperation with the end users and implemented in different test-beds 

(companies and public institutions) across Europe. The apps include tools for off-the-



job as well as on-the-job reflection support and cover individual, collaborative, and or-

ganisational reflection processes. This paper aggregates evaluation data for these apps in 

order to investigate the overall effect of computer support for reflective learning in the 

workplace. Studies about individual apps or groups of apps within the project have been 

published elsewhere4. An example is work by Rivera-Pelayo et al. (2017) who describe 

a field study with four teams of users on collaborative mood self-tracking. In addition, 

there are a number of publications that analysed multiple field trials and apps with re-

spect to overarching design principles such as Fessl et al. (2017), who describe and 

evaluate a reflection guidance concept consisting of three app-independent component 

types (Reflection-in-Action, Reflection-on-Action, Contextualisation Components). 

Their concept was based on four field studies using three different apps overall. An ex-

ample for an overarching investigation of a type of reflection activity is that of Prilla 

and Renner (2014) who analysed quantitative and qualitative data of four cases of col-

laborative reflection. All other prior publications, however, including our own, used 

only a subset of the data used in this investigation. Consequently, they can make more 

app-specific and case-specific statements but cannot provide the aggregate big picture 

and insights presented in this paper. To the authors’ knowledge, this is the first time that 

results from such a variety of evaluation studies have been reported in this area. This 

study offers a systematic evaluation of reflective learning technology across multiple 

use cases, thereby summarising and comparing knowledge that is otherwise scattered 

 
4 References to papers emphasising the design and description of the apps used as interventions 

in the paper presented here, as well as other papers reporting on studies about individual 

apps or groups of apps are found in the Appendix.  



among many different single publications, if at all. The main contribution of this paper 

lies in its use of an unprecedentedly broad data base to investigate the question of 

whether apps are an adequate means of support for reflection at work. To accomplish 

this, we focused on a quantitative data analysis enriched with qualitative data to make 

results more ‘tangible’. Additionally, we discuss differences in the impact of the apps 

according to different levels of job experience, and app usage time. 

In the following sections of this paper, we first present our understanding of re-

flective learning in general and of computer-supported reflected learning, including the 

relevant theoretical background. Next, we present our methodology, which is based on 

Kirkpatrick’s (1998) model of summative evaluations. It needs to be noted that compar-

ing data from such heterogeneous studies always limits the interpretation of results. 

However, the methodology we chose was developed to account for this variety by 

providing common indicators applicable to all studies, as well as study-specific indica-

tors to maintain enough flexibility for individual analyses. The methodology is based on 

a mixed-methods approach, including quantitative (log-data, questionnaire data) as well 

as qualitative data (users’ reflection notes, interview data). Finally, we conclude with a 

discussion of our findings and their implications for the factors which contribute to the 

success of such apps in supporting reflective learning at work. 

2. Reflective Learning 

There are many perspectives on reflection (Lundgren et al. 2017). Some authors under-

stand the term as critical reflection and reflexivity, others understand reflexivity as an 

individual’s self-critical approach to the generation of knowledge (D’Cruz, Gillingham, 

and Melendez 2007). Therefore, when speaking of reflection and reflective learning, it 



is important to define, what is meant with these terms. We understand reflection as the 

conscious re-evaluation of past experiences with the goal of changing understanding, 

perception, and behaviour in the future. This definition is based on Boud’s model of 

reflection (Boud 1993; Boud et al. 1985), which focuses on learning from experience. 

Models of experiential learning describe the process by which learners’ concepts of the 

world change through experiences (Cheetham and Chivers 2001; Kolb 1984). Mezirow, 

the author of the Transformative Learning Theory, also understands experience and crit-

ical reflection as some of the core elements of learning (Mezirow 1991, 1998). Learning 

is often described as the result of the resolution of conflicts between concrete experi-

ences and abstract concepts (Kolb 1984). Boud et al. (1985, 19) proposed that reflection 

requires individuals to ‘re-capture their experience, think about it, mull it over and eval-

uate it’. In workplace learning, the experiences in work situations cause the reflection 

(Daudelin 1996; Knipfer et al. 2013).  

Reflection can happen individually or collaboratively, either in a team or togeth-

er with a coach or superior. Examples for individual reflection at the workplace might 

be someone’s thinking about a typical work day, trying to improve his time manage-

ment or reflecting upon how customer acquisition for a sales department event could be 

improved after her first email invitations have not been as successful as expected. In the 

case of collaborative reflection, people learn not only from their own but also from oth-

ers’ experiences and can benefit from others’ knowledge and advice (Bokhorst, Mos-

kaliuk and Cress 2014; Høyrup 2004; Knipfer et al. 2013). For instance, after having a 

stressful situation with a patient, a care person in a nursing home could reflect together 

with a colleague upon how such a situation could be handled better next time. Reflec-



tion can happen on an organisation level as well. It might happen bottom-up, based on 

the reflection processes of individuals and groups, or top-down, such as when a respon-

sible person induces organisational changes after reflecting about the experiences of his 

or her employees. The outcomes of reflective learning – behavioural or process changes 

– can concern individuals, groups of people, or organisations. Individual learning is 

characterized by cognitive processes, collaborative learning by social processes, and 

organisational learning by collective outcomes (Prilla, Pammer-Schindler, and Balzert 

2012), such as improved target values (Argyris and Schön 1996).  

One aspect to consider for the success of reflection support is the impact of indi-

vidual work experience on reflective learning. In this context, Cheetham and Chivers 

(2000) found reflection to be especially important for ongoing professional development 

and performance, whereas employees with little work experience benefitted less from 

reflection processes.  

3. Computer Support for Reflective Learning 

3.1 Reflection in the Workplace 

Although reflection is a natural process (Daudelin 1996) and many people are even in-

cidentally caught in reflection, for example in situations where they experience some-

thing unexpected, reflection is often overlooked as an efficient, conscious strategy to 

improve knowledge and performance (Boyd and Fales 1983). Furthermore, when it is 

used, it is often not used in a systematic way (Cheetham and Chivers 2000). Since em-

ployees rarely reflect consciously and intentionally, it has been prominently argued that 

computer support could help them to benefit more often from the advantages of reflec-



tion (Cheetham and Chivers, 2000, 2001; Høyrup 2004). Schön (1987) pointed to the 

additional value of mentors or coaches for supporting the reflection process. In order to 

reflect on and learn from one’s experiences effectively, learners need to have access to 

personalized information concerning the traces and outcomes of their working activities 

(Siadaty et al., 2012). This is often difficult, because employees use a variety of tools 

causing the information relevant for learning to be dispersed and stored too heterogene-

ously to be accessible to the individual or the group. Thus, Siadaty et al. (2012) point to 

the importance of structuring, organising, and annotating this information in order to be 

able to (re-)use and (re-)discover relevant knowledge within an organisation. 

The supportive role of ICT for reflection, independently of any application set-

ting, has been described systematically by Fleck and Fitzpatrick (2010) as impacting the 

following five levels of reflection, namely 1. Description – Revisiting, 2. Reflective 

Description – Revisiting with an Explanation, 3. Dialogic Reflection – Exploring Rela-

tionships, 4. Transformative Reflection – Fundamental Change and 5. Critical Reflec-

tion – Wider Implications. The depth and impact of reflection on future practice in-

creases with each level, whereas technology plays a role of decreasing importance. That 

is, technology can support humans very well in revisiting past experiences, but much 

less in fundamentally changing thinking, perception, and behaviour of individuals or 

teams.  

3.2 Computer-Supported Reflected Learning model 

Pammer, Krogstie and Prilla (2017) systematically explored the supportive role of ICT 

for reflective learning at work along four basic steps in work-related reflection process-

es, called (1) ‘work’, (2) ‘initiate reflection session, (3) ‘conduct reflection session’ and 



(4) ‘apply reflection outcomes’ and describe them in their Computer-Supported Reflect-

ed Learning (CSRL) model, on which the apps used in this study and therefore the study 

itself are based. The authors linked each step directly to supportive technology solu-

tions. Depending on the usage context and the specific needs of users, apps can vary in 

the number and type of process steps they aim to support. During the actual work pro-

cess (first step), apps can capture data about work situations, either automatically or by 

recording manual data entries, which may then be used as a basis for reflection. Apps 

can also support reflection by extending the range of situations and experiences a single 

person faces. This is possible, for example, by providing virtual experiences in comput-

er simulations or by bringing together experiences from different people and fostering 

collaborative reflection. Computer support can also be useful in the next step, initiating 

a reflection session  by helping users with prompts, for example (Renner, Prilla, Cress, 

and Kimmerle 2016), or by helping them to remember situations or identify situations 

worth reflecting on. During an actual reflection session (step 3) apps can provide rele-

vant information, share support, or provide guidance through the session. Computer 

support may also be helpful in coordinating collaborative reflection where people can 

learn not only from their own but also from others’ experiences and can benefit from 

others’ knowledge and advice (Bokhorst et al. 2014). Finally, apps can support the doc-

umentation of and follow-up on reflection outcomes.  

When one looks at current research on computer support for reflection, in the 

ubiquitous computing, human-computer interaction, and persuasive technology com-

munities, self-tracking is found to be one of the main technological touchstones for dis-

cussions on reflective learning. Self-tracking, often investigated under the name of 



‘Quantified Self’ (Choe et al. 2014) would relate to the first step ‘work’ in the model of 

Pammer et al. (2017) by capturing data on which one can reflect. On the commercial 

market there is a whole world of apps for self-tracking, be they time-management tools 

such as ManicTime or RescueTime or fitness tracker such as Runtastic (Monroy and 

Rodríguez 2016) or Fitbit (Takacs et al. 2014) for health and fitness-related topics. 

However, capturing data is only the first step and reflecting on the data remains a chal-

lenge that most apps do not explicitly deal with or support (Kocielnik et al. 2018). Be-

sides self-tracking, simulations and social dynamics are other interesting approaches 

which can be relevant for reflection (Fogg 2002). One special form of simulation tech-

nology is serious games. Since serious games is a technology widely used across vari-

ous fields and for several purposes we focus here on serious games in the health care 

sector. Serious games have many advantages in common with other forms of simula-

tions, such as standardized training, or the possibility for learners to try out new behav-

ioural patterns and experience possible outcomes without the risks inherent in trying it 

out “in the wild”. Wang et al. (2016) give an overview of the market of serious games in 

medical education and arrive at the conclusion that there is still a lot of work to be done: 

“For serious games to continue its growth in training health care professionals, work 

must be done to build and empirically verify organisational frameworks for their devel-

opment, evaluation, and distribution.” (Wang et al. 2016, p.49). In persuasive technolo-

gy research, the interest is in technology that ‘changes a person’s attitudes or behav-

iours’ (Fogg 1998). This relates to computer support for reflective learning in the fourth 

step of the CSRL model (‘apply reflection outcomes’). As reflection is goal orientated 

and technology is known to have at least the fundamental characteristic of ‘persuading’ 



humans, computer apps should have the potential to support the reflective learning pro-

cess by helping users change their attitudes or their future behaviour. 

All kinds of diaries, journals or e-portfolios represent another type of reflection 

guidance technology. These kinds of tools can be used to help learners document and 

structure their learning experiences (Fessl et al. 2017). As with trackers, a lot of com-

mercial apps for journaling exist, for example, in order to document your mood. Most of 

them offer tools to the user for visualizing the data, but only a small part of this technol-

ogy supports the actual reflection process (Caldeira et al. 1017). 

Other – more design-centered – approaches which are in use to stimulate reflec-

tion are the critical design approach (e.g. Sanders 2008; Khovanskaya et al. 2013), or 

the use of ambigous stimuli (Dunne and Raby 2001). Both approaches use quite subtle 

techniques, while apps chosen for this project were more explicit in their reflection sup-

port.  

There is an interesting distinction between mobile apps and desktop software. As 

they run on mobile devices, mobile apps are of course always at hand, which can be 

helpful for immediate use and makes them available just when users are having an expe-

rience they want to document or reflect on – or if users simply want to fill some idle 

time. The reflection applications (apps5) chosen for this project were designed according 

to the needs of the users: Some apps were also usable on mobile devices and others not, 

with a large percentage of users having a stationary workplace with a desktop computer. 

 
5 Subsequently, we will use the word ‘app’ to talk about all pieces of software used in the stud-

ies presented here. The reason is that all of these are very focused in terms of intended use 

and functionality, and they are stand-alone applications. 



3.3 Professional Learning 

Computer support for reflective learning has not been investigated as widely in profes-

sional learning contexts as in educational contexts. Those studies that do exist typically 

investigate one specific intervention that aims to foster reflective learning. One example 

is a study by Fleck and Fitzpatrick (2009), who found that images recorded automatical-

ly helped teacher trainees to return an experience to memory. The pictures also prompt-

ed reflective discussions, including the sharing of thoughts and background context dur-

ing the experience. This means that the images helped to initiate reflection sessions and 

supported the conducting of sessions (steps 2 and 3 of the CSRL model).  

A promising field for understanding and optimising learning by collecting, ana-

lysing, and reporting data about learners and learning contexts is “learning analytics” 

(Schwendimann et al. 2017; Siemens and Long, 2011). One example is the work of 

Kay, Maisonneuve, Yacef, and Reimann (2006), who have created an activity-tracking 

system that, in the context of a course about software development, logs student activi-

ties in an issue-tracking system, an SVN repository, and a wiki. Using visualizations, 

teachers monitored student activity and discussed with their students emerging patterns 

of collaboration within the groups. So, this system includes as well steps 1 to 3 of the 

ICT reflection model. Santos, Verbert, Govaerts, and Duval (2013) have created visual 

representations of student Twitter, blog, and PC activity data in dashboards through 

which they could show that visualisations impact awareness of and reflection on learn-

ing-related issues like time management and communication. They captured data (step 

1) and initiated reflection sessions (step 2). So, learning analytics is a method which can 

cover supporting a large part of the reflection process. 



Besides the concrete learning outcomes and changes in work behaviour, litera-

ture reports reveal some first hints of further consequences of reflective learning at the 

workplace. For example, Renner, Kimmerle, Cavael, Ziegler, Reinmann and Cress 

(2014) found in a longitudinal study with hospital staff that web-based reflection apps 

foster collaborative reflection, which in turn is related to higher job satisfaction.  

While the work described above indicates the high relevance of reflective learn-

ing and computer-supported reflective learning, empirical studies in this area and this 

context are often highly specific. For the same reason, in the development of the CSRL 

model several theories were taken into account, which is reflected by the different levels 

of the processes involved (individual, collaborative, organisational). As stated above the 

CSRL model served as a basis for the design of the study presented here. In order to 

create a consistent methodology, we used the 4-level evaluation model of Kirkpatrick 

(1998) which was originally developed in order to evaluate learning in training pro-

grams. It consists of the four levels “Reaction” (how do participants react to the train-

ing?), “Learning” (to what degree do participants acquire the intended knowledge and 

skills?), “Behaviour” (how much does the participants’ behaviour after the training 

change, once they are back at their job?) and “Results” (to what degree do targeted out-

comes occur as a result of the training?). 

4. Research Questions 

The aim of this research was to investigate the potential of apps for supporting work-

place-related reflective learning. Previous research in this area covers either very specif-

ic fields of work or reflection contexts (either educational or professional), or it deals 

with individual apps, which does not allow for general conclusions about the effective-



ness of apps to foster reflective learning at the workplace. With the broad range of set-

tings included in our study, we still will not be able to answer this question in an all-

encompassing way. But we are confident that it is a first step in this direction, as we 

made it a priority to considerpotential differences in users’ work experiences inde-

pendently of professional groups. To get a comprehensive picture of the effects reflec-

tion apps have on their users, we investigated effects on four different evaluation levels 

based on the model of Kirkpatrick (1998). These include the assessment of the apps’ 

usability, their learning effects, their impact on individual users’ working behaviour and 

their impact on the users’organisations. These considerations led to the following re-

search questions:  

RQ1. Are reflection apps an adequate means of supporting reflective learning at work? 

a) How do employees react to the apps in terms of usage and satisfaction with the 

apps?  

(Level 1: Reaction to the Apps) 

b) Do the apps foster reflective learning and if so, in which way?  

(Level 2: Reflective Learning) 

c) Do employees change their work behaviour after using the apps and if so, in which 

way? (Level 3: Behaviour Change) 

d) Does app usage lead to longer-term benefits, including on the organisational level 

and if so, what are the benefits? (Level 4: Organisational Impact) 

RQ2. How does work experience influence the success of reflection apps at work? 

5. Methodology 

This research covers a large set of evaluation studies, with each study a separate inves-



tigation of the potential benefit of technology support for reflective learning at the 

workplace. This of course means that the individual studies differed in a lot of aspects. 

They were conducted in different countries, in different business sectors, with different 

apps. Additionally, the apps were used over different periods of time, ranging from a 

single trial to repeated usage for up to two months depending on the app and on man-

agement decisions in the testbeds. To overcome some of the challenges related to the 

heterogeneity of the data sources, all of the evaluation studies followed a common 

methodology. In order to account for the more or less informal learning settings and 

novelty of the learning approach, we applied a combination of quantitative and qualita-

tive methods, which allowed for a deeper level of data analysis, thereby avoiding misin-

terpretations of pure statistical results (Cox 2013). Due to a common evaluation frame-

work which was developed to evaluate reflective learning at work (Kump, Knipfer, and 

Wessel 2010; Knipfer, Wessel, and DeLeeuw 2012), we could aggregate the data ob-

tained in a set of single studies into one common data set. The basis for this framework 

was a toolbox (Knipfer et al. 2012) with a set of core questions that were used in all of 

the evaluations, along with a set of additional questions selected by the individual eval-

uation partners according to their needs. The questions were presented to the partici-

pants in the form of two questionnaires, one before and one after app usage. Additional-

ly, the analyses took different levels of work experience into consideration. 

In order to evaluate each app adequately, the number and type of questions per 

study differed. Because the studies took place ‘in the wild’, i.e. in real working (or 

work-related training) environments, participants did not always take part in the whole 

evaluation process. To avoid isolated conclusions based on experiences with a single 



app in a specific test-bed, we applied the following criteria for the selection of variables 

and data vectors to be included in this overall analysis: First, variables were only in-

cluded if the available data stemmed from evaluations of at least three different apps. 

Second, if not noted otherwise, an individual user’s data was only included if the partic-

ipant filled out (at least parts of) the post-questionnaire. This of course led to varying 

numbers of participants for different variables. 

The final data set is composed of raw data from 321 employees obtained in 20 

evaluations carried out in 9 testbeds, involving 12 different apps. Sample sizes per eval-

uation range between 5 and 40 app users who filled out the questionnaires (see the ap-

pendix for an overview of the studies).  

Each of the evaluated reflection apps was developed in a formative design pro-

cess to respond to the needs of the actual end-users. The development process started 

with user studies to specify their current status of reflection in the participating testbeds 

and to identify the needs of potential users. After two years of app development and 

continuous improvements based on formative evaluations, 12 apps were integrated into 

the work (or training) process of employees and were finally assessed by summative 

evaluations. We categorized them according to their objectives and design and assigned 

them to one of the following three categories: Tracking Apps, Serious Games, Jour-

naling / Reflection Documentation Apps. Fig. 1 shows some examples (mostly screen-

shots) of the apps. Detailed descriptions of the apps can be found in the appendix. 

 



Figure 1. MIRROR applications: Examples for apps used in the business, health, and 

emergency sectors. Note: a mobile version of the MMA 

5.1 Participants 

Log-data and responses from 321 participants were analysed. Participants were employ-

ees from nine different European testbeds (Germany, Italy, UK), 44% belonged to the 

business sector (call centre advisors, knowledge workers at software and consulting 

companies, office workers and interns in public services), 39% to the health and social 

care sector (nurses and physicians from a stroke unit, caregivers from residential care 

homes, nursing students), and 17% to the emergency sector (volunteers). There are de-

taileds description of the testbeds in the appendix. 

Demographic data from pre-questionnaires were available for 283 individuals, of which 

56% were female. Participants’ age was classified into six groups (19 years old and 

   
CaReflect (social care) 
(tracking app) 

KnowSelf (business) 
(tracking app) 

MMA (business)a 

(tracking app) 

   
WATCHiT (emergency aid) 
(tracking app) 

Talk Reflection App (business, 
health and social care) 
(journaling / reflection 
documentation app) 

IAA (business) 
(journaling / reflection 
documentation apps) 

   
Medical Quiz (health care) 
(serious game) Rescue League - The Virtual 

Tutor (emergency aid) 
(serious game) 

CLinIC / Think better CARE - 
The Virtual Tutor (health & social 
care) 
(serious game) 



younger, 20-29, 30-39, 40-49, 50-59, 60 years old and older), resulting in a median age 

group of 30-39 years old. With respect to work experience, participants reported an av-

erage of 4.8 years (SD = 5.1, N = 243) in their current positions, with 62% having 

worked in their current position for less than five years (M = 1.8 years, SD = 1.2, 

N = 150) and 38% five years and more (M = 9.7 years, SD = 5.2, N = 93). These figures 

caused us to use 5 years as a cut-off criterion in our analyses regarding work experience. 

5.2 Materials and Measures: Description of applied scales, questions, quali-

tative data and log file data 

The following description of our materials and measures will reflect the broad inclusion 

of different applications used across industry sectors and companies and the resulting 

amount of data. Our goal of collecting this amount of data determined our methodologi-

cal choices. 

In order to answer Research Questions RQ1a-d and RQ2 we used different types of 

quantitative data, including objective usage data (log-data captured by the apps), ques-

tionnaire data (see appendix), and KPI measures (Key Performance Indicators).  

In all of the studies, we used questionnaires after the intervention (post-

questionnaires) and – except for short-term evaluations, where apps were used only 

once – also before participants started to use the apps (pre-questionnaires). To check the 

reliability of participants’ responses, we integrated a control question into the post-

questionnaires. The selected control question was part of the overall item set but re-

ferred to a function that the app under question obviously did not support (e.g., asking 

whether the app supported sharing of experiences in the case where the respective app 



did not provide such a sharing function). Except for questions with an open answer for-

mat, questionnaire items were constructed as 5-point Likert scales ranging from 1 – 

strongly disagree to 5 – strongly agree, unless another rating scale was mentioned oth-

erwise.  

To complement the quantitative measures, we analysed qualitative data collected 

with open questions, interviews and discussion groups (see Table 1). 

Regarding research question RQ1a, we measured users’ reactions to the apps in 

terms of usage, objectively via log data. Additionally, usage barriers, perceived useful-

ness of the apps, and satisfaction with the apps were covered in some of the post-

questionnaires.  

On the level of Reflective Learning (RQ1b), we differentiated between learning 

process and learning outcome. Regarding the learning process, users' general tendency 

to reflect was assessed via the Short-Reflection-Scale (SRSadapted version by Renner et 

al. 2014), measured twice – before and after the apps were used. The SRS consisted of 

five items for individual reflection (e.g. ‘I often reflect on my work in order to improve 

it.’) and five for team reflection (e.g. ‘In team meetings we frequently talk about how 

we can improve [specific work task].’). The SRS can thus be split into two subscales. 

Additionally, a set of 43 items was provided to capture reflection support by the apps on 

a more differentiated level. These App-specific reflection Support questions (AS) cov-

ered different phases of the reflection process, for example capturing data (e.g.’ [The 

app] helped me to collect data on behaviour before the reflection session.’) or triggering 

reflection (e.g. ‘[The app] helped me by reminding me to reflect.’). For each evaluation 

study an appropriate set of items was selected and presented to the participants. In addi-



tion, the control questions (see section 5.2 above) were taken from this item set. To 

compare app-specific reflection support across studies, we calculated for each user the 

mean score derived from all selected items of a study. Learning Outcome was covered 

by two core questions included in the post-questionnaires of all evaluations (LO1: ‘I 

made a conscious decision about how to behave in the future.’ and LO2: ‘I gained a 

deeper understanding of my work life.’) and a set of optional items of which two were 

used in at least three studies with different apps and therefore analysed within this con-

text (Reflection Situation: ‘[The app] helped me to find situations on which we should 

reflect.’; Improved Understanding: ‘I improved my understanding in the area that I 

wanted to improve in.’). In addition, a coding scheme (Prilla and Renner 2014) for re-

flective elements was used to investigate and summarize which reflection elements were 

captured in the reflection notes users entered directly into the apps (via reflection jour-

nals, diaries, etc.).  

Regarding RQ1c (Behaviour Change), one common question was used in order 

to ask whether participants could observe changes in their work performance as a con-

sequence of reflective learning (‘[The app] helped me improve my [work perfor-

mance].’). This core question was only applicable to long-term evaluations, as it asked 

about an actual change in behaviour over a period of time. This of course could not be 

observed in short-term settings, where the questionnaire was filled out directly after 

using the app. Additionally, the evaluation framework included a set of 14 work-related 

questions (Work-related Behaviour), which asked in part for intentions or plans to 

change one’s working behaviour and could therefore be used in short-term evaluations 

as well. Altogether, 12 work-related items were used in evaluations of four different 



apps and thus included in this analysis. The average rating across the presented items 

per person was used as an overall measure for Work-related Behaviour. 

On the highest evaluation level (RQ1d), we captured organisational impact that 

is whether behaviour change led to an improvement in KPIs on a team or organisational 

level. The measures reported are based on subjective user ratings. Additionally, we 

looked at the success of the MIRROR apps in terms of adoption and dissemination by 

the community itself, using a loyalty metric (‘How likely is it that you would recom-

mend the app to a friend or a colleague?’ 0 – to – 10 pt. rating scale). To answer re-

search question RQ2, no additional instruments were necessary. 

Table 1. Operationalisations of research questions for each level of the Kirkpatrick model 

Research  
Question 

Kirkpatric
k Level 

Operationalisation 

RQ1a: Reaction 
to the apps 

1 Log-data: Usage time of apps; questionnaire: usage 
barriers, perceived usefulness of apps, satisfaction with 
apps; Interview data, open questions: usage barriers. 

RQ1b: 
Reflective 
Learning 

2 Learning Process: questionnaire: Short Reflection Scale, 
App-specific Reflection Support questions (both: 
Learning Process).  

Learning Outcome: questionnaire: Learning Outcome, 
Reflection Situation, Improved Understanding; Reflection 
Notes (coding); interview and focus group data: reflection 
outcomes and insights. 

RQ1c: 
Behaviour 
Change 

3 Questionnaire: Behaviour Change, Work-related 
Behaviour; interview data.  

RQ1d: 
Organisational 
impact 

4 Questionnaire: KPIs (pre-post), loyalty metric; interview 
data. 

RQ2  Comparison of low vs. high work experience for RQ1a-d 

5.3 Procedure 

Depending on the design of the respective apps, the evaluations were set up as shorter-

term or longer-term interventions: Some apps, such as reflective serious games, were 



designed for short-term use, while others, such as tracking apps, were designed for long-

term use. In short-term evaluations, participants used the reflection apps once, in longer-

term evaluations for a period of several weeks up to two months. The setting was either 

a work situation or a work-related training context. During the testing period, the meas-

urement instruments described above were used to gather data on the processes and out-

comes related to working with the apps. In longer-term evaluations, we provided pre-

questionnaires before the app was implemented and post-questionnaires at the end of the 

testing phase. In this way we could assess the effects reflection apps had on partici-

pants’ learning and working behaviour. Participants of short-term interventions filled 

out post-questionnaires only. Questionnaires were presented either in a paper-pencil 

format or online, and always in the national language of the test-bed (English, German, 

or Italian). In the majority of studies, additional qualitative data were collected at the 

end of the evaluation phase by conducting structured interviews with participants and/or 

through group discussions. 

6. Results 

6.1 Level 1: Reaction to the apps 

In order to have objective criteria forthe informative value of our data, we measured – 

where technically possible, in line with privacy regulation of the testbeds, and with the 

consent of the study participants – the usage time in minutes over the course of the 

evaluation period. Log-data from 124 participants using six different apps yielded an 

average usage time of 97.8 minutes (SD = 205.8) per person. Usage in long-term eval-

uations varied between 2 and 1358 minutes (M = 115.9min, SD = 228.2, N = 98), short-



term usage – measured for serious games – ranged from 9 to 40 minutes (M = 30min, 

SD = 11.56, N = 26).    

For the analysis of barriers that hindered participants from using the apps, we 

divided the sample (participants of longer-term evaluations) into two groups to differen-

tiate between responses from active users (125 persons who used an app at least 3 

times) and responses from inactive users (41 persons who tried the app a maximum of 2 

times, but filled out the post-questionnaire). Participants of short-term studies were not 

asked these questions would would not have been suitable for their situation, as most of 

them had a fixed time slot for using the application. The results (see Fig. 2) show that 

compared to active users, the inactive users indicated more often that a lack of time or 

space (e.g. necessary privacy) constituted a barrier for them (t(59) = 2.16, p = .035). 

Items that suggested a lack of motivation or not seeing an advantage in using the app as 

well as reasons for low usability (‘I could find out how [the app] worked myself’, ‘I 

need more formal training with [the app].’) did not reveal any differences with respect 

to activity (see Fig. 2). Work experience was a factor that also contributed to the percep-

tion of lack of time as a barrier. Participants with less than 5 years of experience per-

ceived lack of time as a stronger barrier (M = 3.21, SD = 1.19, N = 14) than their more 

experienced colleagues do (M = 2.41, SD = 1.12, N = 27; t(39) = 2.15, p = .038). On the 

other hand participants with less than 5 years of job experience gave significantly lower 

ratings to the statement ‘I do not see an advantage in using the app.’ than their col-

leagues (less than 5 years/at least 5 years of experience: M = 2.47/3.02, SD = 1.08/1.06, 

N = 36/45; t(79) = -2.31, p = .024). We found no difference in work experience with re-

gard to motivation or usability.  



 

Figure 2. Perceived usage barriers: differences between active and inactive users  

 

Participants’ general satisfaction with the apps (measured by one item) came to M = 

3.53 (SD = 0.96, N = 176), while their perception of how useful the apps could be for 

professional training reached a value of M = 4.07 (SD = 0.80, N = 123). For both varia-

bles, the average score differs significantly from the scale’s mean of 3 (one-sample t-

tests yield p < .001). With regard to work experience, the perceived usefulness of the 

app for professional training was rated significantly higher by participants with more 

experience (less than 5 years/at least 5 years of experience: M = 4.00/4.44, 

SD = 0.66/0.51, N = 15/18, t(31) = -2.19, p = .036). Regarding the long-term value of the 

apps, participants indicated to see a long-term advantage in using the apps for their 

work-life (M = 3.34, SD = 1.01), with the average score differing significantly from the 

scale’s mean of 3 (p < .001). We found no differences in this measure with regard to 

work experience. 
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Qualitative data 

In addition to the questionnaire data about usage barriers, we collected qualitative data 

on barriers via open questions and interviews. These again showed that time constraints 

were an important issue. In addition, participants reported a lack of motivation caused 

by not seeing enough benefit in using the apps. Further concerns were technical con-

straints (e. g. limited internet access in the care sector), discomfort with the activity or 

mood tracking tools, and a lack of management or support from a lead user. 

6.2 Level 2: Reflective Learning 

Learning Process  

Fig. 3a shows the mean ratings obtained from measures assessing the baseline of the 

reflection process (Short Reflection Scale - SRS pre) and perceived support from the 

apps (App-specific reflection Support - AS mean). SRS pre scores show that the general 

tendency to reflect, especially on an individual level, had already been an important part 

of participants’ work or training before using the apps. The functions of the apps were 

rated positively regarding their perceived ability to provide reflection support 

(AS mean). The mean rating is based on a set of 32 different items which were an-

swered by an average of 60.03 participants (SD = 52.7, ranging from 11 to 191). The 

average rating obtained clearly differed from answers to the control question 

(t(98) = 5.87, p < .001), which was presented in the context of the AS items. One sample 

t-tests also show significant deviations from the rating scale’s mean of 3 for all variables 

(all p < .001). 



In longer-term evaluations, we investigated whether there were any changes in 

the reflection process by applying the SRS pre-app and post-app usage. Fig. 4 shows the 

obtained mean ratings for the subscales ‘individual’ and ‘team’ reflection. A two-way 

ANOVA with the factors testing-time (pre-app vs. post-app usage) and reflection type 

(individual vs. team reflection), revealed a significant effect for reflection type 

(F(1,150) = 142.5, p<.001, ηp² = .49) but not for the factor time (F(1,150) = 2.27, p=.134, 

ηp² = .015). This shows that participants had had more experience with individual re-

flection than with collaborative reflection as a team. However, the tendency to reflect 

did not change during the time MIRROR apps were used. This was true for both types 

of reflection. 

We also investigated whether the general tendency to reflect and the perception 

of app-specific reflection support differed depending on work experience, but this was 

not the case.  

  



 

Learning	Process	 										Learning	Outcome	

 

 

(a)	 															(b)	

Figure 3. Learning process and learning outcome. Note. SRS: Short-Reflection-Scale; 

AS: App-specific reflection Support; LO: Learning Outcome 

 

Learning Outcome  

For measuring the perceived learning outcome, we used two core questions (LO1 and 

LO2). Additionally, one question asked if the apps were supportive for identifying situa-

tions in which reflection was needed (Reflection Situation), and one questions asked if 

learners had improved in the area they wanted to improve (Improved Understanding). 

Fig. 3b shows the mean ratings obtained across the evaluations. One sample t-tests show 

significant deviations from the rating scale’s mean of 3 for all four variables (all 

p ≤ .031).  
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In a second step we analysed the data on effects of work experience. Work expe-

rience did not influence the ratings of any of these four items. 

To see whether there was a relationship between the learning level and how in-

tensively participants used the apps, we correlated the corresponding items from these 

two evaluation levels. The data indicated that participants who used the apps more often 

or longer also benefitted more in terms of App specific reflection Support (AS mean) 

and gained a deeper understanding of their work life (LO2) (rAS = .217 and rLO2 = .200, 

both p < .05, N = 120). 

Qualitative data 

Qualitative data on reflective learning outcomes were gathered in interviews with par-

ticipants and managers as well as in focus groups. The interviews were geared toward 

reflection outcomes and insights gained while using the apps. Of course, these insights 

were quite specific to the respective reflection topic, the app and the application partner. 

Nevertheless, some examples should give some impression of concrete reflection out-

comes which could not be captured by means of rating scales. Reflection on time man-

agement supported by the KnowSelf App revealed, for example, specific time wasters, 

and helped employees to derive lessons learned, such as to set priorities daily, or to de-

velop a more efficient way to handle interruptions and distractions. Working with the 

MoodMap App, on the other hand, showed users how emotions can influence their work 

and the other way round, how work can influence their emotions. Some users reported 

strategies they had newly developed to handle bad experiences in order to improve their 

mood again. 
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Figure 4. Change in the Reflection Process  

Reflection notes 

We analysed participants’ notes and comments captured in six testbeds with three dif-

ferent apps (MoodMap App, KnowSelf, TalkReflect) with a coding scheme to enable us 

to gain more insight into the content and depth of computer-supported reflection. The 

notes are an additional source of data about learning outcomes, because they capture 

participants’ experiences at work (with colleagues, customers, or patients), or the out-

comes of reflection sessions. From a total of 1266 captured notes, only work-related 

content was considered, other notes were excluded from the analysis. Work-related con-

tent ranged from 31% to 92% of the notes. Over all we analysed 557 individual notes 

and 74 conversations (consisting of a note and one or several comments).  

The coding scheme categorized reflection elements into nine different levels 

which could be summarized in three main stages of reflection. Stage 1 contained the 

provision and description of experience, but no (explicit) traces of reflection. Categories 

in this stage were the mention of an issue, the report of emotions and the interpretation 

or justification of actions. Stage 2 was the reflection on experiences, including analysis 

and potential solutions (linking one experience to other experiences or different pieces 
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of knowledge, rules etc., giving advice, responding to the explanation of an experience, 

working on a solution), but with no (explicit) mention of learning or change. Stage 3 

was defined as learning or change explicitly mentioned as resulting from reflection (in-

sights/learning from reflection, conclusions/implications from reflection).  

The assignment of each note or conversation to one or more of the nine catego-

ries was based on the judgments of at least two independent coders. The inter-rater 

agreement ranged between 62% and 97% per category. In the case of disagreement, the 

coders discussed their judgments and either came to an agreement or discarded the note.  

Overall, the vast majority of notes provided some description of an experience 

(Stage 1: 23%-100% per study). Stage 2, i.e. reflecting on experiences, including analy-

sis and potential solutions, was included in most of the conversations captured with the 

Talk Reflect, the app allowing for collaborative reflection. Reflection on experiences 

was also included, although in clearly smaller proportions, in the notes entered in 

KnowSelf and MMA, which are intended to support individual reflection. The highest 

stage of reflection – learning or change resulting from reflection – was found in up to 

33% of the conversations from Talk Reflect. 0 to 14% of the individual notes entered in 

MMA and KnowSelf contained categories of Stage 3.  

However, it has to be noted that we can only report on the reflection processes 

captured in the tools. That, of course, does not cover all reflection done by the partici-

pants during the evaluation time. For example, we know from interviews that groups 

which were co-located also exchanged experiences and insights face-to-face. 

6.3 Level 3: Behaviour change 

The participants involved in longer-term evaluations rated the apps’ overall support for 



improving their work performance (Behaviour Change) as neutral (M = 3.11, SD = 1.08, 

N = 153) and the apps’ impact on their Work-related Behaviour as slightly positive 

(M = 3.57, SD = .84, N = 120). One sample t-tests revealed a significant difference to 

the rating scale’s mean of 3 for Work-related Behaviour (t(119) = 7.42, p < .001) but not 

Behaviour Change (t(152) = 1.24, p = .217). Thus, participants indicated that they benefit-

ted from the apps in specific ways rather than in their overall working performance.  

Fig. 5 shows the effect of work experience on the mean ratings for Work-related 

Behaviour and the core question Behaviour Change. U-tests yield no effect on Behav-

iour Change, but on Work-related Behaviour. More explicitly, employees with at least 

five years of experience gave significantly higher ratings, when asked if the app had a 

positive impact on their work behaviour (Z = -2.44, p = .015, N = 54). 

Qualitative data 

Similarly to learning outcomes, the qualitative outcomes for behaviour change were 

shown to be very specific to work and reflection focus. Nevertheless, we will again 

highlight some concrete changes which reflection supported by apps were able to trig-

ger. Reflection on time management, for example, led to more structured and efficient 

work behaviour for many participants. They invested more time in making plans, dealt 

more consciously with interruptions and tried to prevent work fragmentation. Work with 

the MoodMap App led in some cases to more attention to the moods of the participating 

call center advisors. Participants tried to reflect more on negative experiences in order to 

be less affected by them. In the case of at least one testbed, managers monitored the 

moods of their advisors and reported situations where they spontaneously intervened 

after realizing that an advisor was in a bad mood. Collaborative reflection also had ef-



fects on work behaviour, e.g., the manager of a group of interns using the Talk Reflect 

App reported that they had adjusted their work practices after using the app. 

 

Figure 5. Effects of work experience on Behaviour Change (core question) and Work-

related Behaviour 

 

6.4 Level 4: Organisational impact 

In this section we report on results that fit into the last and highest level of Kirkpatrick’s 

evaluation model (Kirkpatrick 1998). As on the behaviour level, Key Performance Indi-

cators (KPIs) can only be observed in longer-term evaluations, so our data basis for this 

level is smaller than for lower evaluation levels. Whereever possible we compared data 

captured before and after an intervention.  

KPIs prequestionnaire and post questionnaire data 

Because in most of the evaluations we could not get objective data about KPIs moni-

tored by the application partners, we used questionnaire data from individual partici-

pants to observe possible changes. These data concern work performance and other 
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KPIs which were measured before and after app usage (job and coaching satisfaction, 

manager support and time management skills, see Fig. 6). 

For job/coaching satisfaction we conducted a paired sample t-test which was 

marginally not significant for improvement over time (t(66) = -1.99, p = .051). Job expe-

rience did not affect this variable.  

In two evaluations, participants were asked how satisfied they were with the 

support of managers for organisational change initiated from the bottom up. We found 

no significant improvement over time (t(26) = 0.83, p = .412). Time management skills 

were also measured in two evaluations. We performed a paired samples t-test but did 

not find any significant improvement over time (t(19) = -1.77, p = .093).  

Loyalty metric 

The average rating of the loyalty metric (‘How likely is it that you would recommend 

the app to a friend or a colleague?’; 10 pt scale) across all evaluations which included 

this question (M = 6.16, SD = 2.80, N = 240) was significantly above the centre of the 

scale (t(239) = 6.42, p < .001), and thus fit the results reported so far. As we knew that for 

some apps a main point of criticism was that they contained too little content (e.g. Seri-

ous Games), we added a question to estimate the loyalty for a more market ready prod-

uct by extending the original item to ’How likely ….. with more content in it’. This 

score gives a more realistic picture of how apps after the prototype version would be 

evaluated. The loyalty score for apps which would have more content became notably 

positive with M = 8.35 (SD = 1.79). Work experience did not affect the ratings of the 

loyalty metric.  

 



 

Figure 6. Pre-post questionnaire data for individual KPIs – aggregated over evaluations 

 

Qualitative data 

Regarding the highest level of evaluation, organisational impact, data from interviews 

highlighted mainly two aspects. On the one hand, several participants confirmed im-

provements in their work performance, e.g., working more efficiently after reflecting on 

their time management and even being more satisfied. They also mentioned that im-

provement achieved on an individual level would transfer to improvement of the whole 

organisation. On the other hand, the limitation of purely individual reflection became 

obvious. In some cases, people noticed that their heavy workload could not be improved 

just by better individual time management but required a solution on the management 

level. Others pointed out that work processes could not be improved solely on an indi-

vidual level. Instead, collaboration had to be optimized to improve on a more global 

level. 
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6.5 Summary of results 

To sum up our results, we received positive ratings for all variables evaluating the four 

levels, apart from one, improved work performance. Differences in work experience 

were evident in the Level 1 Reaction (perceived usefulness) and in Level 3 Behaviour 

Change (impact on work-related behaviour). 

7. Discussion 

In the following sections, we discuss the results by addressing each of the research 

questions separately. The discussion of results incorporates quantitative and qualitative 

data from the empirical studies along with findings from the insight-reports provided by 

the test-bed partners. Preceding this, we will address some limitations of our study 

which need to be considered when interpreting the data. A more general discussion and 

the outlook for future research follow in the next section.  

7.1 Limitations of the study 

Conducting studies in real field settings across different business sectors is a valuable 

research practice as it increases the ecological validity of findings. On the other hand, 

such field studies bear the risk of biases and confounding variables. In this section we 

discuss the potential consequences of this risk: Firstly, the samples could not be selected 

randomly and thus the participating user groups might differ in some ways from non-

users. For instance, it could be that our users were more tech-savvy or generally more 

positive about reflection. Certainly, the team leader or manager who agreed to take part 

in the research project, must have been interested in these topics. Additionally, the apps 

we tested were a colourful bouquet of technological support. Although all of the apps 



had the same objective – supporting reflection – they did so with different techniques. 

As each app was designed in close cooperation with the end-users, it would not be rea-

sonable to implement and test all of the apps in all different sectors and contexts. The 

variety of apps spans several categories, from serious games, journal or diary apps to 

self-tracking apps. This allowed for depicting a broad overview of reflection support. 

However, we cannot claim that we used a representative sample of reflective apps. 

There are certainly types of reflective technology that were not used, such as other 

forms of simulations than serious games. On the other hand, there is no authoritative 

overview of types of reflective technology against which we could compare ours. The 

only decisive criteria for reflective technology is that it has been designed and/or used 

for reflective learning. 

Another limitation concerns the organisational impact of the apps: In quite a few 

participating organisations no regular KPI assessment was established which could have 

been used to evaluate the sustained success of the apps. Therefore, we were often re-

stricted to questionnaire data to ask participants for their opinion. In most cases this 

post-questionnaire was conducted right after the end of the study, but no follow-up 

questionnaire could be added. Taken together, we were quite successful in measuring 

the first two levels of Kirkpatrick’s model (Reaction to the Apps and Reflective Learn-

ing), but insights for Level 3 and 4 were mainly restricted to questionnaire data, having 

to ask for participants’ opinions instead of having access to objective KPI data.  

7.2 Potential of reflection apps for supporting reflective learning at work (RQ1) 

The overall reaction to the evaluated reflection apps (RQ1a) was that participants were 

satisfied with the apps, viewed the long-term usage positively, and agreed that the apps 



would be useful for development of professional competence. Due to the different ob-

jectives of the apps, usage time varied greatly. Obstcales for usage were mainly a lack 

of time (esp. for less experienced employees) or inadequate physical space. In the inter-

views some participants also reported seeing no benefit of the apps. Despite obstacles or 

some negative reactions, results for this first and lowest level of evaluation indicated 

that participants reacted mostly positively to the apps. This is important because tech-

nology can only foster learning and changes in behaviour as long as participants accept 

the tools and use them on a more or less regular basis. Considering the most often men-

tioned barriers, there are two lessons to be learned: First, reflection support is only pos-

sible when managers allow their employees to take time for reflection and provide the 

necessary space (in the form of either technical or physical infrastructure and with 

enough privacy). This sounds trivial, but it is often not taken into consideration that 

even the use of work-integrated tools needs time. Since reflection is often not given 

priority in the work process, the time required for it needs to be set aside explicitly, oth-

erwise employees will attend to other tasks with higher priority. Second, not only man-

agers but also individual employees need to see the benefit of reflection per se as well as 

the benefit of technology support. Thus, the introduction of apps should not only focus 

on the functionality of the tools, but also – and even more importantly – on the benefits 

gained from engaging in reflection.  

To answer the research question as to whether the apps foster reflective learning 

(RQ1b), we have to note that participants showed a high initial level of reflection, espe-

cially individual reflection, which confirms findings of other authors (Cheetham and 

Chivers, 2000). This did not change over the course of the studies. For collaborative 



reflection to improve it would probably take more than several weeks of using an app. 

The learning culture of an organisation or at least a particular team would have to be 

adjusted. This would imply that several people see the benefits and are willing to share 

experiences, and that work conditions provide enough time and space for reflection ses-

sions.  

Participants perceived the app-specific support of reflective learning as well as 

the learning outcome to be positive. The content analysis of reflective notes also showed 

that participants reflected about their working experience by making associations to 

previous experiences or other pieces of knowledge or by working on alternative per-

spectives. However, incidences of explicit documentations of reflection outcomes are 

rare. In situations where participants work at the same place and communicate not only 

via the app, insights are often gained outside the app and not documented. In such cases, 

the overall setting should include a plan for how the reflection outcomes should be pur-

sued, designating some place to document them and a procedure for how to follow up 

on them. Future research should especially ways to foster documentation of reflection 

outcomes that are gained in face-to-face meetings or other communication channels 

(e.g. via mail, or in chats).  

Regarding the effect reflection apps had on the working behaviour of partici-

pants (RQ1c), the results indicate that users perceived some improvements in their be-

haviour at work and that they experienced increased satisfaction with the working tasks 

or confidence. Interview data revealed insights about concrete behaviour changes and 

therefore support the quantitative results. Generally, changes in behaviour depend on a 

variety of factors, including individual learning processes and some external factors. It 



is thus no trivial matter to transfer learning insights to behaviour or to implement a new 

strategy to handle certain situations (Kirkpatrick 1998; pp. 20-23).  

The apps’ long-term benefits, including organisational impact (RQ1d), could not 

be clearly shown. We found only marginal improvement in KPIs over time and these 

results need to be interpreted carefully. A change in KPIs can only be expected after 

using apps intensively for a longer period of time. Additionally, KPIs are influenced by 

a range of factors and the MIRROR apps are only one (potential) factor among them. So 

even if there were changes due to a single app, there could be other factors in an organi-

sation which might counter that positive effect. Another challenge was that not all or-

ganisations defined or monitored KPIs on a regular basis. Of course, also the set-up of 

the evaluations as field studies needs to be kept in mind, as the participating organisa-

tional units and teams were neither grouped nor selected at random and may therefore 

have differed in other influential ways apart from app usage.  

7.3 The impact of work experience on the success of technological reflection 

support (RQ2) 

The results indicate that generally employees with more experience benefitted more 

from MIRROR apps than their less experienced colleagues with regard to improved 

working behaviour. They also gave higher ratings for increased satisfaction or confi-

dence in one’s working task and for the long-term usage and usefulness of apps for pro-

fessional training. Additionally, we found that participants with less working experi-

ence, while viewing the potential of apps as more advantageous than more experienced 

participants, perceived lack of time as a stronger barrier to reflection than those being 

more experienced. A possible reason for this result is that inexperienced employees 



need even more time structured into their work day to master primary work tasks, let 

alone reflect upon them, while more experienced employees are relatively independent 

in arranging their working day, often due to their higher positions. These results are in 

line with the findings by Cheetham and Chivers (2000, 2001) who found reflection to be 

more important and helpful for more experienced employees. They assumed that a cer-

tain amount of experience is necessary to be able to benefit fully from reflection. How-

ever, they also found that the aspects of work on which employees reflect change with 

increasing experience (Cheetham and Chivers 2000). This suggests that different apps 

for different expertise levels levels should be designed differently, an approach that 

should be addressed by further research. Some apps, such as the Serious Games, were 

explicitly designed for new employees or trainees to provide them with new experiences 

on which one can reflect. Some other apps supported collaborative reflection, either 

through reflecting with a coach or superior, or reflecting with one’s team. In all cases, 

an inexperienced employee can benefit from the experiences and perspectives of more 

experienced (co-)workers. On the other hand, individual reflection based on one’s eve-

ryday experiences seems to be deemed more profitable for more experienced workers. 

8. Conclusion and Outlook 

The overall analysis of the data we collected in the different evaluation studies from 

different testbeds suggests that technology in the form of apps can facilitate and foster 

reflective learning in a broad range of settings. Users liked the apps and indicated that 

they perceived the benefit of their use. Traces of learning were found in participants’ 

questionnaire and interview answers as well as in their notes captured in some apps. 

Long-term effects could not be measured due to restrictions in the availability of partic-



ipants. Taking all of the findings together, we think that the successful implementation 

of technology support for reflective learning at work should be based on a socio-

technical approach, which would embed the apps in an intentional framework for reflec-

tion. For one thing, people need to be guided in their reflection processes. Support is 

beneficial in understanding what reflection is, in conducting reflecting sessions, in in-

terpreting the captured data, and in defining goals for reflection. The tools can offer this 

kind of guidance, but human support (e.g., in the form of training or coaching sessions) 

is also desirable. Such a framework should also take into consideration that reflection is 

not always a purely individual process, where people derive solutions for themselves, 

but reflection often influences a complete organisation. Bottom-up reflection processes 

are only possible within an organisational culture that allows reflection to happen and 

that is open for eventual process changes. Overall reflection seems to be relevant at all 

levels of work expertise, but in different ways. This holds true for employees at the be-

ginning of their work life, and for organisations making changes in processes or tasks, 

and for more experienced employees. Furthermore, in some cases reflection support 

should be a continuous process, whereas in other cases a brief reflection campaign 

might be enough. A brief period of reflection is especially appropriate for shorter-term 

processes where the need for reflection drops after employees have found solutions for 

the immediate problems (e.g. after using an activity tracking app to gain insight into 

one’s own time management).  

To conclude, the overall analysis of data, gathered in very different evaluation 

settings, shows that the introduction of technology support for reflective learning at 

work is able to trigger new reflection processes. Technology support can help employ-



ees to reflect about their work by connecting different experiences, increasing aware-

ness of problematic situations or processes, and providing an environment for simulat-

ing difficult situations. Future studies should concentrate on improved processes for 

introducing technology support and fostering its adoption by providing a socio-technical 

framework with a holistic approach to reflective learning at work. It would be advanta-

geous to include apps as a technical aid in addition to the human support. 
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