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Abstract  
The life of an undergraduate student is typically characterised as one of studying, attending classes, 
and socialising. Traditionally, research focused on student life has concentrated on these discrete 
aspects of the university experience. However, the student identity is more complex than this. We 
believe that all aspects of the students’ experiences—the formal and informal; the repetitive, 
mundane, and seemingly insignificant—form patterns of behaviour that shape what it means to ‘be a 
student’. This paper proposes that a more holistic perspective of the students' educational experience 
is needed. Drawing on theoretical concepts first articulated by Bernard Tschumi, we aim to represent a 
student’s reality as: a) the spaces in which they spend their time, b) the activities (events) they 
undertake in these spaces, and c) the movements or connectors that bind these spaces. This Space-
Event-Movement perspective means we can represent a student’s activities, behaviours and 
movements in a day as a continuous series of events spaced over time, and construct a 
representation of their personal ‘ecosystem’. New advances in digital data capture methods (e.g., 
reality mining, wearable devices) allow us to harvest continuous naturally-occurring student behaviour 
data, letting us shift away from relying on perception-based data. Given the changing state of higher 
education and the shifts occurring in student cohorts considering innovative ways to explore and probe 
student experiences of the university would appear to be essential. We hope that the findings of this 
study will act as a catalyst to raise the profile of student behaviour/activity and in so doing reveal 
insights regarding spaces, events and movements that are significant to student identity, performance 
and wellbeing.  
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1 BACKGROUND 
Universities are having to adapt to a broadly changing world. They are being influenced by powerful 
forces, such as: the proliferation of digitalisation; globalisation; massification; increasing student 
mobility and diversity; new patterns of financing higher education; and innovations in teaching and 
learning technologies ([1], [2]). In New Zealand (where this study takes place), there is also increasing 
pressure for universities to be more efficient and productive and better aligned to serving national and 
international imperatives ([3]). 

Likewise, the student body is also experiencing change ([2], [4], [5]), driven by a growing demand for 
21st century competencies that include: diversity of learning and innovation skills; information, media 
and technology skills; and life and career skills ([6], [7]). This is reflected in the shift in educational 
research from a focus on teaching, to learning, and more recently to student experience. However, our 
understanding of students’ wider daily practices, both in and outside of academia, remains relatively 
naive.  

Generally, ideas surrounding student practices at university are ‘fuzzy’; the metaphor we propose is 
that of grey matter, or the darker tissue of the brain consisting mainly of nerve cell bodies. Ironically, 
this is where the majority of neural activity takes place, yet we know little about it. Student activity is 
very similar: the majority of a student’s time ‘at university’ is not spent in the classroom, yet 
traditionally, student-focused research has concentrated on learning as a result of teaching, exploring 
the impact of teaching practices and the impact of instructional design models. We argue that to 
understand the totality of the student experience requires investigations that extend beyond the lecture 
theatres, laboratories and classrooms, and include both academic and non-academic realms. 
Understanding the student experience from a more holistic, practice-based perspective has the 
potential to provide new insights into the impact of educational expectations and bring about change 
within the higher education system.   

This study is a work-in-progress, and is part of a PhD project. The focus of the study is on the 
everyday experiences (including the seemingly inconsequential or mundane) of undergraduate health 
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science students, to define an ‘ecosystem’ of undergraduate educational experiences within 21st 
century university life. Our aim is to build a picture of the academic, social, psychological and 
behavioural aspects of a group of undergraduate health science students at a research-intensive 
university in the hope of discovering new insights into student learning for the 21st century. This paper 
reports on the beginning stages of the research, including the rationale, research methodology and 
data capture methods. The following section outlines the initial themes being explored, namely: 1) 
students’ sense of community, and 2) simulacrum of the student.  This is followed by an overview of 
the data collection phase, and some preliminary directions for analysis. 

1.1 Students’ sense of community 
One of the core components of the undergraduate student experience explored in the literature is a 
student’s sense of community. Learning environments that foster interaction and social learning have 
been deemed essential features of the higher education experience ([8], [9], [10]). 

Although there seems to be little debate that sense of community is a positive, if not necessary, 
component of higher education ([11], [12], [13]), the role of ‘community’ for students has not been 
described consistently throughout the literature ([14]). For example, Etzioni and Etzioni ([15]) defined 
community as a web of relationships between individuals, while Rovai ([12]) defined community as the 
social community, or connectedness to the group. Clearly, there are similarities in the definitions; they 
both include an element of interaction, which may translate into either relationships or connectedness. 
However, the role of community within the students’ university experience remains relatively 
unexplored.  

One way of addressing this is through investigating student bonding as an aspect of students’ sense 
of community. The emotional connections between people and places are built upon their experiences 
including social interactions as well as personal values and perceptions ([14]). Student bonding may 
include student relationships with other individuals (e.g., other students and faculty members), with 
artefacts (e.g., physical space), and with concepts (e.g., identifying as a student). It is therefore 
possible that any of the student bonding experiences could also contribute to individual differences in 
students’ sense of community. Although a fair amount of research has examined students’ sense of 
community and its relationship with academic achievement, relatively little research has focused on 
the role of student bonding in higher education. Clearly, this is an area in need of greater empirical 
attention. 

Developing strong bonds/attachments has been found to be important for students ([11], [13], [16]), 
but is particularly pertinent for undergraduate health science students. Health science courses are 
large and tend to be more formal which can result in students feeling insignificant or pressured to 
socialize and ‘fit-in’ to the university life. Any adverse effect on self-esteem and self-confidence are 
likely to have a negative impact on various aspects of the students' life, particularly their academic 
performance.The purpose of this part of the study is to examine and provide a better understanding of 
the role of different types of student bonding developed in the university environment. 

1.2 Simulacrum of the Student  
In the last decade, the research on individual differences has moved towards the exploration of intra-
individual variabilities ([17]). That is to say, researchers have become increasingly concerned with how 
cognitive and non-cognitive factors, such as culture/background, personal awareness and practices, 
configure differently within individuals ([18]). The objective of this part of the study is to explore such 
intra-individual differences by examining various student profiles that emerge within the data collection 
phase. Specifically, to understand the purpose/motivation of undergraduate students based on their 
background and examine their identity development at university.  

Profiling is an approach that allows for the characterization of individuals to identify differences in 
identity. While the current literature ([19], [20], [21]) focuses on the understanding of the causes of 
differences rather than the differences themselves, profiling can help us make sense of how 
individuals differ and how these differences may affect student experiences. By exploring student 
differences this part of the study aims to provide insights into how students function both individually 
and collaboratively in response to the university environment. Figure 2 provides an example of an 
emerging framework covering four areas of student identity: academic, social, psychological and 
behavioural that will be developed as part of this study.  
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Figure 2: Example of an emerging framework for student profile analysis. 

2 METHODOLOGY 
Given the exploratory nature of the study, we have adopted an ideographic approach focused on the 
use of individual cases rather than grouped or aggregated data. Constructivist grounded theory ([22]) 
within an individual case design offered the flexibility required for such an exploratory study to produce 
a rich and fine-grained set of data (at the level of the individual) from which to develop substantive 
theory for undergraduate education. 

The research draws on the theoretical forms and concepts of the Space-Event-Movement framework 
(SEM: explained in more detail below), allowing us to transcribe: a) the spaces in which students 
spend their time, b) the activities (events) they undertake in these spaces, and c) the movements or 
connectors that bind these spaces. Rather than following the traditional approach within higher 
education research of asking people questions, this study experiments with new advances in digital 
data capture methods (e.g., through wearable sensor-based devices). This allows us to harvest 
students’ continuous, naturally-occurring behavioural data—what they were actually doing, rather than 
their perceptions, or what they say they did ([23], [24], [25]). The following section elaborates on the 
theoretical framework (SEM) and the research approach (reality mining) used for this research. 

2.1 Space-Event-Movement (SEM) framework 
The study of human activities and behaviours has long been an area of interest in the social sciences. 
It covers a wide range of topics such as emotion, motivation, perception and personality. One way to 
understand spatially integrated perspectives for the analysis of human activity patterns and movement 
in space is the SEM framework. Developed by architect, writer and educator Bernard Tschumi ([26]), 
the SEM perspective has inspired the description and analysis of student activities and behaviours, in 
a university setting, for this study. It conceives and represents an individual’s activities, behaviours 
and movements in a day as a continuous series of events spaced over time.  

The number and location of everyday activities that can be performed by a person are limited by the 
amount of time available and the space-time constraints associated with various obligatory activities 
(e.g., work, study, entertainment) and joint activities with others ([27]). SEM not only highlights the 
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importance of space for understanding the geographies of everyday life, it also allows us to examine 
the complex interaction between the space and the event taking place, and their joint effect on the 
structure of students' activity patterns in particular situations ([27]). Further, the use of SEM also 
allows the incorporation of a large amount of observation data that are essential for any meaningful 
analysis of student activity patterns. For this reason, the SEM framework offers a useful and effective 
way of analysing the data from this study. 

Despite the usefulness of the SEM framework in social science research, there have not been many 
studies that actually use it for analysis. The limited development of SEM methods can be attributed to 
the lack of detailed individual-level data and analytical tools that can realistically represent the 
complexities of an urban environment (e.g., the movement network and spatial distribution of 
activities). Another difficulty is that individual movement in space is a complex trajectory with many 
interacting dimensions. These include the location, timing, duration, sequencing, and type of activities 
and/or trips. This characteristic of activity patterns has made the simultaneous analysis of its many 
dimensions difficult. However, it is now more feasible than ever before to operationalize and 
implement SEM constructs due to the increasing availability of individual-level data such as Global 
Positioning System (GPS) data for tracking space and movement data, and wearable devices (e.g., 
FitBit) for tracking event data. This type of continuous data capture is referred to as ‘Reality Mining’ 
([28]). 

2.2 Reality mining approach 
The existence of 'digital footprints', which humans leave behind as they go about their daily lives in the 
modern world, has fundamentally changed the way in which behaviour can be studied ([29]). Reality 
mining, which is one aspect of digital-footprint analysis, can be defined as the collection and analysis 
of machine-sensed data regarding human social behaviour with the goal of modelling behavioural 
patterns ([28]). Reality mining enables researchers to investigate the social behaviour of almost entire 
human populations, in extraordinary detail and with exceptional spatiotemporal resolution ([30], [31], 
[32]). Large amounts of data are now available for human reality mining studies. For example, a lot of 
young people these days carry and use mobile phones. As such, GPS data from mobile phones is 
easily accessible. Tapping into rich data sources like these provides unique insights into human daily 
activity patterns, the topology and dynamics of social networks, and the flow of information between 
individuals ([31], [33]).  

Systematic, disturbance-free observation of students is often difficult, or impossible, especially to 
configure the complex life styles and hence the ecosystem of groups/individuals. To overcome these 
constraints, we now have access to digital data capture devices that can aid in the collection of data 
about the spaces, activities/behaviour and movements of individuals. Instead of using traditional data 
collection techniques, such as questionnaires or surveys administered once per month, week, or day, 
a reality mining approach can automate charting of individuals' daily activities with a temporal 
resolution of hours, minutes or even seconds ([31], [34]). Miniature tracking technologies mean we can 
now reproduce this powerful reality mining approach in studying student behaviour and experience, 
recording field data sets of unprecedented size and quality. 

2.3 Fieldwork 
Three forms of data have been identified as applicable to address the themes and questions:  

1 continuous contextual data through the use of wearable auto-cameras,  

2 continuous movement data through the use of a GPS phone application, and 
3 continuous computer usage data through desktop software. 

A convenience sample of 21 undergraduate health science students were recruited for a period of one 
semester (4 first year, 2 second year, and 15 third year). Each participant was provided with an auto-
camera, GPS phone application, and software for computer usage tracking. They were also expected 
to meet for 30mins each week to review the data gathered. These sessions were also used to develop 
the student profiles. Data for this study are currently being collected over a 5-month semester period 
(Feb 2017 – June 2017). The datasets are described in more detail below: 

Contextual data (photograph data): Photos are an ideal way of capturing rich observations of people, 
places, and events and sometimes even moods and feelings in the field ([35]). They can augment the 
ability to research, describe, and symbolise the participant’s world. In this study, the photographs are 
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generated by the students using small clip-on cameras that take a photo every 30sec. These first-
person views are used to create an inventory of the student’s daily activities. The aim is to generate a 
photographic record of the student’s contextual environment over the data capturing intervals.  

Movement data (GPS traces): GPS data is used to determine daily movement traces of students, the 
places they visit and spend time in. The application used (EasyTrials) is a mobile application that 
provides high quality location and time information. This application helps determine exactly where the 
student was at any moment in time. The participant uses the application to output the positioning 
information as a CSV (Comma Separated Values) file, which is transferred via email to the researcher. 
The researcher then integrates this information into Google Earth, which displays the movement 
traces on the relevant Google location map (Figure 3).  

 
Figure 3: A first year undergraduate student’s movement traces integrated on Google Earth  

and displayed as a location map. 

Computer usage (influence of technology): Computer usage data is used to understand how students 
spend their time while using technology/computers. Software was installed on participant’s computers 
to record the date, time, duration and type of computer programmes used. The application 
(RescueTime) allows the analysis of computer usage habits. One of the most important things about 
RescueTime is that there is no data entry. Once installed on the student’s computers it automatically 
tracks usage by application/date/time and duration (Figure 4). 
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Figure 4: Screenshot of RescueTie dashboard. 

3 DISCUSSION 
This study is one of the first of its kind that uses passive and automatic sensing data, using digital 
devices, from students over a semester to assess their behavioural trends (e.g., how stress, sleep, 
visits to the gym, etc. change in response to workload, i.e., assignments, tests and exams, as the 
semester progresses). Much of the stress and strain of student life remains hidden. In reality, faculty 
and staff know little about their students outside of the formal learning environment. Students might 
know about their own circumstances and patterns but know little about their peers. To shine a light on 
student life we digitally capture naturally-occurring continuous student data to automatically infer 
student behaviour.  

Contextual information (photos & GPS) of spatiotemporal hotspots will allow an assessment of the 
core spaces used/valued by students, and how these spaces can be adapted to suit the needs of 
students to improve their experiences and well-being. The accumulated spatiotemporal data will 
enable a detailed analysis of student experiences as episodes of spaces, events and movements over 
a semester to create a basic framework. This framework may help predict missing links or provide 
critical details to more accurately model/structure a semester reflecting patterns and relationships 
exhibited in the spatiotemporal traces of students.  

Findings from numerous studies ([36], [37], [38]) demonstrate quite clearly that competitive, standards-
driven instruction in decontextualized skills and knowledge contributes directly to a sense of alienation 
and disengagement. The capacity of institutions to support student development depends on whether 
the relationships and interactions among students and teachers offer a developmentally meaningful 
and challenging experience ([39]). Because student-teacher interactions embody the relational 
capacity of the institution to promote positive development, it is important to improve and enhance 
these relationships and interactions. The socio-spatial and social-temporal aspects of the student 
experience captured from the data (photos, GPS & discussions) will inform us of this degree of 
interaction between students and teachers.   

3.1 Challenges and considerations 
The use of monitoring and wearable devices for generating research data is relatively uncommon 
within higher education research. However, they are increasingly commonplace in the business, sport 
and health research sectors. While this may contribute to a degree of familiarity and acceptance, it has 
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not minimised the need for this study to be detailed and transparent in the design, and planning. In 
fact, the use of such methods as a source of data in research invariably leads to concerns regarding 
privacy and surveillance. Although this is not the focus of the current research, it is nevertheless a 
concern with wearable data capture devices (e.g., [40]).  

New Zealand privacy laws state that in New Zealand it is generally lawful to take photographs of 
people in public places without their consent, so long as they are in a place where there is no 
expectation of privacy, such as a beach, park or other public place. However, photographs must not 
be taken if participants are in a place where people would expect reasonable privacy (such as public 
toilets and changing areas), where the publication would be highly offensive to an objective and 
reasonable person; when there is potential to stop other people's use and enjoyment of the same 
place; or there is no legitimate reason for taking the photos ([41]).  

To address the issues of privacy and respect raised in this study, participants were briefed on when it 
will be necessary to remove the camera to protect their own privacy and the privacy of members of the 
public. Data can also only be viewed via password-protected application and email, and not directly 
from the devices. This prevents the release of the data, e.g., photographs or location data, into the 
public domain via popular social media and photo sharing sites such as Facebook, Twitter, You-Tube, 
Instagram and Tumblr. It also prevents the data from being accessed by anyone other than the 
participant and the research team. Members of the research team download the data directly onto a 
password-protected computer.  
There is also a consideration when undertaking research such as this around participant burden. 
While the actual data collection happens automatically, there is some effort required by the 
participants to charge the devices daily and export the data. The disruption to daily routines is 
relatively minor, however, and the novelty of the current study seems to keep the participants engaged 
and enthused. Moreover, as wearable devices become more commonplace, this is likely to be less of 
a concern in the future.  
Ironically, while the miniature nature of the auto-cameras is a benefit for unobtrusive data collection, it 
has also led to issues with devices being lost during data collection—participants may have to remove 
the device in certain situations, and then forget to take it with them.  

4 CONCLUSIONS 
Given the anticipated changing state of higher education and the shifts occurring in student cohorts 
(e.g., a recent report by the New Zealand Productivity Commission [3]), gaining an understanding of 
the demands and changes students are currently undergoing would appear to be essential. In 
particular, understanding student activity in order to uncover insight and relevance from what often 
seems to be repetitive, tedious and mundane encounters typical of daily student life. 

As stakeholders, students play an important part in the process of higher education. For this reason, 
students, faculty and administrators have a vested interest in understanding what goes on in the daily 
life of a student. While there is considerable research into understanding aspects of teaching and 
learning, the student’s experience of the university does not appear to receive the same degree of 
attention. The research that has been undertaken has drawn on student self-reports of their 
experience (perception data) gathered via surveys or interviews.   

This study is likely to be the first of its kind. We have not found another study to-date that captures 
naturally occurring, continuous, contextual student behavior data. For this reason, the links between a 
student’s academic, social, psychological and behavioural characteristics remain unclear. This study 
aims to change that. It is hoped that the findings will act as a catalyst to raise the profile of students’ 
daily activities, and in so doing identify core activities (academic and non-academic) that are 
significant to a student’s performance and wellbeing.  
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