
 

A. Marcus (Ed.): DUXU 2014, Part II, LNCS 8518, pp. 289–300, 2014. 
© Springer International Publishing Switzerland 2014 

Tracking Mobile Workers’ Daily Activities  
with the Contextual Activity Sampling System 

Hanni Muukkonen1, Kai Hakkarainen2, Shupin Li2, and Matti Vartiainen3 

1 University of Helsinki, Faculty of Agriculture and Forestry, P.O. Box 27,  
FI-00014 University of Helsinki, Finland  
hanni.muukkonen@helsinki.fi  

2 University of Turku, Institute for Behavioural Sciences,  
Assistentinkatu 5, 20014 Turku, Finland  

{kai.hakkarainen,shupli}@utu.fi 
3 Aalto University School of Science, Department of Industrial Engineering and Management, 

Work Psychology and Leadership, P.O. Box 15500, 00076 Aalto, Finland 
matti.vartiainen@aalto.fi 

Abstract. The present study used smart phones to collect contextualized data 
on professionals’ daily working activities; our purpose was to trace 
professionals’ work engagement and socio-emotional activities. We used two 
tools, the Contextual Activity Sampling System (CASS-Q) and ContextLogger 
for collecting, in parallel, complementary self-report and location-sensor data. 
This allowed us to compare the types of data and their richness of information. 
The methods and instruments developed enabled one to trace various aspects of 
the mobile multi-locational workers’ positive and negative self-reported affects 
in work contexts, as well as their activities and experiences of challenge and 
competence. The secondary working contexts (e.g., seminars, meetings, 
customer’s office), especially, included interactions with others leading to both 
high positive and negative affects. The results also indicate that the participants’ 
self-reported locations corresponded closely with the actual location 
documented by ContextLogger. Our results suggest possibilities for developing 
an algorithm that uses location information to automatically recognize certain 
activity contexts 

Keywords: mobile data collection, event sampling, self-report, location data, 
mobile work. 

1 Introduction 

The purpose of this article is to share the investigators’ experiences of developing and 
testing two tools for studying multi-locational professional activities. The increasing 
number of smart mobile devices and wireless connections influences the way people 
approach their work and their lives. Mobile technologies and wireless connections in 
particular make it possible to work not only in and from multiple locations, but also 
between them. From a time perspective, mobile technologies allow employees to 
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work evenings, weekends and during vacations from several locations even after 
spending a full day or week working at the office. We use the concept of a mobile 
multi-locational worker to refer to those employees who frequently move spatially, 
who use multiple locations for work and who communicate with others via electronic 
tools as they are both physically and virtually mobile [e.g., 1]. Virtual mobility makes 
it possible to collaborate with others from multiple locations in virtual and widely 
distributed teams [2]. Limited research results are available on the effects that mobile 
and multi-locational work has on the everyday life of the worker and, especially, what 
workers perceive as the greatest hindrances in their working environments. Current 
research [e.g., 3, 4, 5, 6.] has yielded mixed results as it shows that while the company 
and employees recognize that there are benefits to mobile working, there are also 
drawbacks, which very often are experienced on an individual level as an increase in 
workload. This study concerns tools that are used to collect data on this kind of 
mobile work in its context. 

Substantive research on daily activities has been made possible by mobile 
computing and sensor technology development. The harnessing of these possibilities 
to study mobile work and daily activities of professionals’ generates multifaceted 
methodological, technological, and analytical opportunities. The present paper reports 
research and development of smart-phone-based instruments (Contextual Activity 
Sampling System, CASS-Q and ContextLogger) for contextually tracing professional 
activity and associated methods of collecting and analyzing data. The instigators 
looked at ways of providing visualized feedback for participants so as to elicit 
reflection-in-action. Behavioral sciences have developed process-sensitive methods 
for repeatedly collecting information on human activity across several decades from 
Mihaly Csiksentmihalyi’s Experience-Sampling Method [ESM, see 7] to Ecological 
Momentary Assessment [8]. In the present paper, we use term “event sampling” to 
refer to repeated sampling of participants’ activities, whether these are psychological 
experiences, physiological processes, or external actions, in the contexts of everyday 
activity.  

There are three main traditions of event sampling relevant from the perspective of 
the present research, i.e., 1) the diary method, 2) the experience-sampling method, 
and 3) ecological momentary assessment. The diary method involves collecting 
structured or open-ended diaries, for instance, daily (end-of-day diaries) or weekly. 
This may be the oldest method of collecting longitudinal information on human 
activity that has been extensively used in clinical work and psychology [8, 9, 11]. It 
involves collecting both qualitative and quantitative data on users’ naturally occurring 
activities. Users who are documenting and recording their activities without 
systematic sampling strategies are seen, often, to rely on the diary method. The 
experience-sampling method comprises asking participants to respond to specific 
queries appearing at random intervals, concerning the quality of their experience. 
They are asked, especially, about the occurrence of flow; that is, a peak-experience 
that emerges when a person perceives an interesting challenge and experiences a 
strong sense of competence [7]. Ecological momentary assessment broadened the 
scope of event sampling from subjective experiences to associated external events and 
actions, such as occurrences of a targeted phenomenon [10]. This approach may be 
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followed to collect many kinds of naturalistic process data for the everyday activities 
of learning, working, and interacting. 

The present investigation addressed self-report [CASS-Q; 12] in conjunction with 
the use of GPS sensors for collecting information on the physical location of the 
participants (ContextLogger). In the analysis, we divide physical workspaces into five 
types of places to work [13]. These include non-traditional places such as 1) various 
means of transportation including cars, trains, planes and ships (‘moving places’); 2) a 
customer or partner’s premises or the company’s remote, satellite or telework offices 
(‘secondary places’); 3) hotels, cafés, parks, etc. (‘third places’) as well as the more 
traditional places; 4) the main workplace (‘main office’); and 5) home. In these 
locations, the available electronic working environment, infrastructures, devices and 
media (virtual spaces) are used for knowledge sharing and collaboration. We 
investigated how these instruments were utilized by the participants to collect data on 
their daily activities, and we report findings from a series of studies on mobile and 
multi-locational professional knowledge work. Further, we examined how such 
methods enable one to describe the fluctuation of affects and contexts, and various 
disturbances or enablers of work-related activities. 

2 Research Questions 

The present investigation focused on examining the use of mobile data collection for 
sampling contextualized data on daily working activities. We used smart phones for 
collecting, in parallel, complementary self-report and location-sensor data; this 
allowed us to compare the types of data and their richness of information. The 
investigation addressed the following research questions: 1) What is the relationship 
between experienced work-related affects and the location of the responding 
participants? We examined to what extent the participants experienced positive and 
negative affects in various contexts of their activity associated with reported 
locations. 2) What is the relationship between types of professional activity and 
experienced challenge and competence in situ? 3) How do the two applications of 
data collection enable one to sample the changing contexts of daily work and 
associated affects? 4) How do the participants interpret the daily activity data during 
interviews? 

3 Method 

3.1 Participants and Data Collection 

Twenty-eight professionals took part in the data collection across four sub-studies. 
During the 3-5 day data-collection, participants answered a query received on the 
mobile phone every 1.5 hours between 7-23 hours over 3-5 days resulting in c. 700 
responses in the database. We excluded two respondents due to a low number of 
responses, and, further, excluded from analysis the responses other than for working 
activities; this resulted in 553 responses from 26 participants included in the analysis.  
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The query questions were in these categories: a) They inquired about affects 
experienced in various locations (home, transportation, main work or office, public 
space, secondary workplace, f = 433) during daily working activities (research, 
teaching, administration or organizing, societal activity, or other, f = 347); and what 
the respondent was doing at the time of the query. b) They elicited information about 
experienced competence and challenge (f = 347). c) Participants also answered open-
ended (what are you doing right now?) and Likert scale (1 = not at all, 7 = very much) 
questions in the query regarding positive (enthusiasm, interest, determination, being 
energetic) and negative (irritation, exhaustion, nervousness, anxiety) affects (f = 532). 
d) There was an interview two-three weeks after the data-collection period; the 
participants were provided with a visualization of the self-reported doings, times, 
contexts, and affects of the data-collection period to aid in responding; 14 of the 28 
participants were interviewed. 

3.2 CASS-Q Tool 

The original CASS-Q tool is a Java application that runs on mobile phones with the 
Symbian operating system [12]. CASS-Q delivers queries (surveys) to participants’ 
mobile phones; data are returned to a server database and can be downloaded to a 
statistical analysis program. The present version of the CASS-Q application runs on 
an Android operating system. It involves a management system located at the 
Amazon cloud. Researchers and service providers can create various kinds on 
contextual investigations. Such an investigation may, for instance, involve 3-10 short 
queries per day across a week intensive follow-up period. These investigations may, 
for example, be about what the participant is doing, how interesting and engaging the 
task at hand is, how complex and challenging it is experienced to be, and how 
competent he or she is feeling. A person may respond to the queries using open text, 
audio memo, answering Likert scale or multiple-choice questions, taking a photo or 
making video clip. 

3.3 ContextLogger 

ContextLogger1 [14] is an Android application that provides two main functionalities 
for data collection. First, based on and extending the Open Sensing Framework 
(funf.org) developed at MIT Media Lab, ContextLogger allows automatic, 
unobtrusive background data collection from smart phone usage and the sensors (e.g., 
GPS, mobile network base station cell-id, accelerometer, microphone, call logs, and 
the like) available on the phone. Second, in addition to the background data 
collection, the ContextLogger provides functionality for users to manually log start 
and stop times of researcher-specified contexts and activities (as self-report data). 
Therefore, in the present study, we collected self-reported information regarding 
start/stop times of locations and activities and the cell-id of the mobile network base 
station the phone was connected to. The latter was only used to evaluate if user-given 

                                                           
1 Source code: https://github.com/apps8os/contextlogger 
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information of changing locations was also seen as a change in the automatically 
collected cell-id data. Therefore, the cell-id was not identified as an absolute location 
but as a categorical number indicating a change in the environments in which the 
person was working. The participants were instructed to have both a location and 
activity category active all the time during their working hours. 

In the last sub-study, a participant’s selection of start for one of the working 
activities in ContextLogger was utilized to launch a delayed CASS-Q query (after 20 
min, and every 60 min thereafter). We investigated this option to examine which 
aspects of self-logged responses could be automated by using a combination of 
sensory data and fast-reply ContextLogger data as well as to find out how the 
reliability of responses in CASS could be verified by automated data collection. 

3.4 Data Analysis 

The CASS data were exported through the CASS-admin management system to an 
Excel file. The raw sensor data and self-report data from ContextLogger data were 
manually formatted and then exported into an Excel file, each data point with a 
timestamp. The data from both applications were screened and aggregated for 
analysis. Because the ContextLogger application kept recording the change of 
locations once it was activated, we reduced the ContextLogger data during the 
screening process of the present study, to include only the same dates as the CASS 
data. Some difficulties encountered in operating with the two applications included 
ensuring that various mobile phones in use had the needed Android version as well as 
matching participants (different IDs) for data analysis purposes. 

4 Findings 

4.1 Affects in Context during Mobile Work 

The distribution of the affect reports across the locations was the following: home 
21.5 %, transportation 12.5 %, main workplace 45.7 %, secondary workplace 12.2 %, 
and public space 8.1%. The relationship of location and positive affects was examined 
first (Figure 1). Being in transportation was related to the lowest positive affects. 
Being at home and at one’s main place of work resulted in quite similar just-below-
average positive affects. Being in a public space was related to high variability of 
ratings; this took place, for instance, in cafes, airports or train stations. The working 
activities taking place in a secondary workplace were evaluated with high positive 
affects. This was typically a seminar, conference, project meeting or customer’s 
office. Particularly positive ratings were given, for example, “I’m following a seminar 
that my student arranged around her thesis”, “Leading a team meeting and training” 
and “In a virtual meeting”. These typically involved interaction with others. 
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Fig. 1. The relationship of work locations and experiences of enthusiasm, interest, determination, 
and being energetic with 95 percent confidence intervals  

Next, we examined the relationship between location and negative affects (Figure 
2). Negative affects were lowest in public places (e.g., in a restaurant or café) and at 
the main workplace. Working at home, especially, led to nervousness and exhaustion, 
perhaps because of the pressures pushing participants to work at home. Examples of 
at home work responses include “I’m preparing this evening’s teaching”, “Correcting 
essays”, and “Writing instructions/ process description for making the web site”. 
Negative affects varied to some extent in the contexts of transportation, secondary 
workplace, and public space. This is likely related to the heterogeneity of associated 
activities. While a long, train trip may allow concentrated working, short transitions 
from one place to another do not. Although secondary workplaces were experienced 
positively, there were also sources of irritation and anxiety, perhaps because 
interaction or meetings may involve controversial issues or problems with technology. 
Particularly elevated negative affects of irritation, nervousness, and anxiety were 
reported in secondary places, e.g., “board meeting”, “interviewing students”, or 
“giving a seminar”. It appears that these highly negative affects in secondary places 
were more often reported in formal circumstances. Another possibility is that some of 
these activities were rather challenging and involved conflicting feelings – that they 
elicited both positive and negative affects. 

 

Fig. 2. The relationship of work locations and experience of irritation, exhaustion, nervousness, 
and anxiety with 95 percent confidence intervals 

One-way ANOVA analysis of the relationship between affects and locations 
indicated that affects varied significantly across working locations (Table 1). 
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Table 1. One-way ANOVA of emotions across various locations 

 
Emotion 

 
F 

 
p 

Mean of Z scores 

Home Transportation Office Secondary 
place 

Public 
place 

Enthusiasm 3.09 0.016 -0.15 -0.43 -0.14 0.18 -0.01 
Interest 4.02 0.003 -0.16 -0.42 -0.18 0.25 -0.02 
Determination 4.91 0.001 -0.07 -0.43 -0.20 0.33 -0.24 
Being 
energetic 

6.01 0.000 -0.23 -0.39 -0.22 0.41 -0.05 

Irritation 8.38 0.000 0.11 0.13 0.47 -0.50 -0.05 
Exhaustion 5.39 0.000 0.22 0.15 -0.26 0.03 -0.17 
Nervousness 4.02 0.003 0.29 0.01 -0.10 0.17 -0.36 
Anxiety 5.10 0.001 0.10 -0.13 -0.13 0.32 -0.50 

 
Thirdly, we compared the relationship of various working activities with 

evaluations of challenge and competence. The participants in the last two sub-studies 
were academic professionals. Research activities represented 47.3 % of the data, 
teaching 13.0 %, administration 16.1 %, societal activity 2.9% and other 20.7 %. 
These participants rated high challenge and high competence for the research 
activities, e.g., writing reading, planning, and advising (Figure 3). This combination is 
likely to produce the experience of flow [7]. Teaching was not experienced as equally 
challenging, but was related to experiences of high competence. The other activities 
were related to much lower experiences of challenge, but also of competence. Social 
activities in particular (e.g., meetings, preparation work) were related to experiences 
of low competence in these data. 

 

 

Fig. 3. The relationship of work activities and experience of challenge and competence with 95 
percent confidence intervals  

4.2 Comparison of Location Data from CASS-Q and ContextLogger 
Applications 

The third research question focused on examining how the two data collection 
applications, CASS-Q and ContextLogger enabled sampling the changing contexts of 
daily work. The locations CASS-Q responses were either categories based on the 
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initial responses (initial sub-studies) or entered as a multiple choice response in the 
query (last two sub-studies). The ContextLogger location information was stored 
automatically as the cell id, but used in analyses as a cell number without the physical 
location information. 

As depicted in Figures 4 and 5, the two methods of data collection provided highly 
similar location information. Patterns related to these two participants corresponded 
closely to those of the other participants. The differences are particularly related to 
transportation category. In the context of CASS-Q, participants entered data as a 
single location (e.g., being on a train) whereas the ContextLogger data are more or 
less continuously changing (constantly changing cell-tower id is to be expected when 
the person is on the move). Some quick changes in location (e.g., visiting in a 
colleague’s room) within one’s workplace may not have been self-reported in the 
CASS-Q, relating to the instructions of sampling frequency. We presume that some 
ContextLogger stored locations that cannot be recognized in the CASS-Q responses 
are likely to be related to spontaneous switching between cell towers when the person 
is roughly the same distance from them. Visual inspection indicates, however, that the 
two datasets corresponded to each other rather well. It suggests that self-report data 
about locations have been reported accurately, as the fluctuation of self-reported 
location and of automatically identified location are closely related. This raises 
interesting opportunities for using automatic context recognition for triggering self-
report queries [15]. After initial collection of data, self-reports could be activated 
according to proximity of certain cell towers or their clusters. 

 

 

Fig. 4. Comparison of locations from person A by two mobile tools: above CASS-Q self-
reported location; below ContextLogger cell-ID change data   

4.3 Interview Data to Complement Experience Sampling Data 

In the final research question, we examine how the participants interpreted the daily 
activity data during interviews. The open responses to the question “what are you 
doing right now” were typically brief, consisting of a few words. The interview 
sessions were carried out a few weeks after the data-collection period. The 
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participants were provided with a visualization of their mean positive and negative 
affects, responses to what they were doing, and locations relating to each query 
response they had stored. We used an interview protocol to go through the days and 
asked participants to reflect on their activities and affects. Below are two examples of 
how a specific query response was reflected on during the interview. 

Participant C CASS-Q responses: I’m writing a project proposal/ at other 
workplace /high positive and low negative affect scores. Interview response: “When I 
look at the graph, […] it was really positive, our project meetings were very 
successful and it encouraged [me] to keep doing and, like it shows when I work on the 
application in the afternoon, it was a great feeling to get it to jump ahead […].“ 

Participant D CASS-Q responses: I’m writing three emails/ at main workplace 
/average positive and high negative affect scores. Interview response: “[…] when one 
writes three e-mails at once, and maybe since work is divided amongst projects then 
it’s necessary to deal with three completely different issues at once. Then one gets 
such frustrations when it’s not possible to have control over the situation. It’s difficult 
to know what to concentrate on, it has probably been one of those chaos moments that 
afternoon.” 

 

 

Fig. 5. Comparison of locations from person B by two mobile tools: above CASS-Q self-
reported location; below ContextLogger cell-ID change data  

As the examples demonstrate, the interview data were very rich. The visualization 
appeared to have provided a powerful memory activation tool (resembling the method 
of stimulated recall) for the participants as they could, in a very detailed way, reflect 
back on the work activities and affects of the examined days. 

5 Discussion 

The present investigation reported research and development efforts in using smart-
phone-based Contextual Activity Sampling System (CASS) together with 
ContextLogger for tracing professionals’ work engagement and socio-emotional 
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activities. The results indicate that the methods and instruments developed enabled 
one to trace various relevant aspects of the professionals’ activities. The present 
results indicate that professionals’ engagement (assessed in terms of high enthusiasm, 
high interest, high level of determination, and feeling energetic) varied to a great 
extent according to physical and activity context. It has been shown [16] that 
employees who score highly on optimism, self-efficacy, resilience, and self-esteem 
are better able to mobilize their job resources and generally are more engaged in their 
work. It was not entirely expected that the professionals would experience their most 
positive affects in “secondary workplaces” rather than their main workplace or home. 
It is easier to understand that being in transportation or in a public place is not 
associated with positive affects. The secondary workplaces were associated with 
seminars, conferences and customer meetings providing opportunities for substantial 
social interactions. Corresponding variation regarding negative affects was also 
identified in respect of certain activities, such as formal meetings taking place at 
secondary places. Participants were continuously addressing the challenges of 
multiple contexts, work infiltrating leisure time, and rapid changes in activities due to 
disturbances or multitasking. Participants appeared to value the opportunity for self-
reflection based on the visualization of the event sampling data. 

6 Conclusions 

The findings provide evidence for the possibilities of using event sampling 
methodology for tracing the daily fluctuation of professionals’ activities, contexts, 
affects, and flow experience across formal and informal contexts. The contextual 
methods employed appeared to provide a rather multi-faceted view of various aspects 
of mobile and multi-locational work. The time series data being collected are, 
however, rather complex, and researchers are challenged to analyze and make sense 
of them. The present exploratory data analysis focused on comparing contexts 
according to experienced affects. Our earlier investigations have revealed that CASS 
data also allow tracing and modelling flow experiences [17]. 

The tracking of daily working activities and reflection on them may offer valuable 
input to considerations of workload factors and work ergonomics of mobile workers. 
Beyond academic interests, contextual tracing, analyzing, and visualizing of 
professional practices may also assist professionals in becoming reflectively more 
aware of their everyday practices. Because of this possibility, an important aspect of 
our investigation has been to develop visual representations providing feedback about 
the participants’ activities. In order to make contextual event sampling a central 
aspect of studying professional activity, it has to have a certain added value to the 
professionals themselves. People are already documenting various aspects of their 
daily activity; when ethical issues are taken care of, such methods could also play an 
important role in research on professional activity. 

It is well known that the burdening of participants due to event sampling is 
relatively high, yet those of the present studies were not greatly concerned about it; 
the instruments were easy to use and responding to repeated queries over the period of 
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one day did not take too much time and effort. The compliance of the participants was 
at a relatively high level and the response rate adequate. Queries appeared to have 
been left unanswered only in the context of some hectic moments. The results of the 
present investigation indicate that participants’ self-reported location/context 
corresponded closely with the actual location documented by ContextLogger. This 
provided evidence that at least in the present context, professional self-reports provide 
relatively adequate description of their actual location/context. It appears important to 
develop an algorithm for using location information for automatically recognizing 
certain activity contexts. Detailed information on contexts of professionals pursuing 
mobile and multi-locational work may, however, be needed. Android phones involve 
multiple sensors, and frameworks, such as FUNF, allow storing and analyzing such 
data, but there are, nonetheless numerous technological challenges that need to be 
addressed. In the present case, we ran into problems because the Android operating 
system changed in a way that made a part of software development obsolete.  
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