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Abstract  
An oft touted possibility of mobile learning is the idea of ‘learning anytime, anywhere’ which can allow 
for greater student autonomy in learning. The notion of students learning and making sense of the 
world collaboratively can be an alluring one. To understand the potential of such a notion, a study was 
conducted as a part of a greater research project conducted by Stockholm University, investigating 
collaborative mobile learning in an outdoor biology lesson where teachers were not readily available. 
In this paper, we investigate how performance is affected by emerging scaffolding needs when young 
students use mobile technology to collaboratively learn without teachers being readily available. What 
could be observed is when labour is divided asymmetrically and students attempt to scaffold one 
another, performance results decrease. This indicates an incapability of students to effectively scaffold 
each other and further puts emphasis on the need for the presence of teachers. 
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1 INTRODUCTION 
Since its advent, mobile technology has permeated increasing aspects of everyday life. The promise 
of constant connection and instantaneous access to people and information is such an alluring one 
that it has not only become a tool for communication but also a learning medium. As a reflection of 
this, research field of mobile learning has attempted to understand and make use of the affordances of 
mobile technologies. The main argument of the mobile learning field is that mobility creates an ever-
moving context where learning can occur more meaningfully in authentic contexts [15] Consequently, 
it also enables a different relationship to learning. Learning can be evolved from ‘the acquisition of 
knowledge of issues encountered in the world’ to shaping one’s own knowledge out of one’s own 
sense of the world [10].   

With mobile learning, the relevance of collaborative learning has also increased even more, not 
exclusively because mobile technology can enhance collaboration, but also because teacher 
availability may be an issue outside the classroom [12]. In contexts where the students are many and 
the distances larger than in ordinary classrooms, and therefore with teachers not readily available, the 
importance of effective collaborative scaffolding increases. 

However, despite the mounting research on mobile learning, little is still known about how students’ 
scaffolding needs, and in particular, how students’ collaboration to meet these needs, are unfolded in 
outdoors learner-cantered mobile learning activities were teachers are not readily available. In fact, in 
a concept mapping study of 20 internationally acknowledged domain experts, [2] identified peer 
collaboration as one of the important challenges of mobile learning.  

Thus, in this paper, we examine how students scaffolding needs, and their collaboration to satisfy 
these needs, unfolds in learner-cantered outdoor mobile learning activities were teachers are not 
readily available.  To this end, an empirical study was designed with the goal of examining five small 
groups of students (5th grade) who were using mobile devices in authentic educational settings, within 
a natural science inquiry-based learning activity outdoors. More specifically, based on the empirical 
data collected, we examine what scaffolding needs arise, the division of labour that emerge between 
the group members, and the effect these two variables have on group performance. This paper 
contributes with a better understanding of the challenges of student scaffolding in mobile learning 
activities. 

Proceedings of EDULEARN17 Conference 
3rd-5th July 2017, Barcelona, Spain

ISBN: 978-84-697-3777-4
3796



1.1 Related work 
Research suggest there to be several benefits of outdoor learning exercises. Amongst the benefits is 
the fact that outdoor learning has a significant impact as students remember their outdoor learning 
experiences for several years [3]. Additionally, outdoor education has been shown to have a positive 
impact on students’ collaborative skills and interpersonal relationships [1]. Moreover, [16] argue that 
effective fieldwork can lead to individual growth and improvements in social skills. 

Since the establishment of the mobile learning field in the mid 1990´s, several notable projects have 
been conducted aiming to investigate the potentials of mobile learning. The MobileMath project [21] 
explored possibilities, with the support of mobile technologies, for game-based learning in an 
embodied, multimodal and situated manner. Projects such as MPLS [7], Ambient Wood Project [17], 
Savannah [5], LETS GO [19] and nQuire [11] all have aimed to understand the effects mobile learning 
can have on learning in general. GEM [4], [18] sought to explore how mobile technologies in outdoor 
contexts could be used to support learners to understand geometrical concepts. All these projects 
have, in varying degrees dealt with aspects of collaborative learning. However, none of the 
aforementioned studies, or other studies, have explicitly focused on examining how students 
scaffolding needs, and their collaborative attempts to meets these needs, unfolds in mobile learning 
activities where teachers are not readily available, and how that affects performance. 

It is against such a background this paper sets out to investigate the following research question:  

How does arising scaffolding needs and collaboration dynamics affect group performance in outdoor 
mobile learning activities without teachers readily available?  

2 METHODOLOGY 
The mVisible research project, conducted at Stockholm University, was the basis for this study. The 
focus of the study was to understand the effects of technology enhanced learning in a natural 
environment without teacher assistance readily available. 

2.1 The inquiry-based mobile learning activity 
The mobile learning activity was divided into three constituent parts, namely: 1) An indoor introduction, 
2) An outdoor field activity, 3) An indoor post-activity. Through the first activity, the students became 
familiarised with both the technology, individual smartphones and a common group tablet, as well as 
the tasks they needed to perform during the field activity. This process was guided by both the 
researchers and teachers who facilitated the learning process and provided instructions 

During the field activity, each student was designated a specific group (3 student per group) to perform 
the tasks with. The distribution of competence was decided by the teachers and the researchers prior 
to the activity. Each group started at one of four different, predefined, nature-squares in the forest 
behind the school. The squares were chosen for the specific purpose of the study and contained all 
the relevant flora for the students to investigate during the activity. Each nature-square had a tablet 
that acted as a common device for the activity and smartphones were assigned to each student to 
perform the tasks.  

The activity was designed as a sequence of four tasks (see Figure 1). The first task had all the 
students of the group use their smartphones to scan the unique QR-code for the nature square they 
were assigned. The code initialised the smartphones to show species of flora specific to the that 
specific nature square. The common device also provided the students with further instructions to 
complete the activity. The second task required each student to find different species listed in their 
smartphones and individually scan the QR-codes attached to them. The third task involved the 
students to learn facts about the species they scanned. The last task required the students to captured 
what they believed to characterise the species using the camera on their respective smartphones. 
Tasks 2 through 4 were performed for each of the species listed after the first task.  

The students were provided in-situ descriptions of the different species in the biotopes through their 
respective smartphones. This allowed for multimodal data collection in the form of pictures and videos. 
On the other hand, the tablet constituted a common tool that scripted the collaboration between the 
students. The tablet required each student to provide their individual codes each time a new task 
instruction was needed. This discouraged the students to attempt to progress through the activities 
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individually. As such, the use of the tablet was used so as to not empower the students asymmetrically 
[13] by encouraging them to create a joint task understanding and to deliver equal task information. 

In addition to these functions, the common device also provided affordances to create dynamic pie 
charts collaboratively to visualise the tree distribution of the particular nature square. In this activity, 
the teacher only intervened and supported the students only way they actively asked for help through 
a phone call. The provided scaffolding and intervened both through phone calls as well as face to face 
in situ. 

  
Fig. 1. The three sub-activities in the outdoors field phase 

2.2 Participants 
Participants of the research project consisted of 15 students from a primary school in Stockholm, 
Sweden. The students were in the fifth year and were between 10 and 11 years old. The participants 
were divided into five groups of three. Two teachers participated in the research project. The teachers 
were responsible for constructing heterogeneous groups with respect to subject knowledge based on 
principles for collaborative learning [8].  

2.3 Data collection 
As this paper investigates the effects of information distribution on the outcome of children's 
scaffolding needs and how that in turn effects performance, there was a focus on three main variables, 
namely: 1) Information acquisition, 2) Frequency of and types of scaffolding interactions, and 3) 
Performance on pre- and post-tests.  

The primary data for analysis of the learning activity was video recording collected by researchers 
using handheld cameras during the outdoor learning activity. Secondly, there was a stationary camera 
capturing the outdoor activity from a distance as well as using microphones on each student to 
capture vocal interactions. A total of seven hours of video was recorded, resulting in approximately 
one hour of video per group. The performance was measured using written pre- and post-activity 
tests. The test was a written test designed to examine three aspects; students understanding of name 
and characteristics of the different species in the study, the characteristics of their biotopes and their 
skills in interpreting pie charts.  

2.4 Transcription, Coding and Analysis 
Transcription of the video-data was done using Transana. The data was transcribed by 3 researchers 
whom excluded only casual speech and interactions that were unrelated to the task. The transcription 
was coded using a scheme based on the six scaffolding types described by [6] and [20], namely 
technical, affective, procedural, conceptual, strategic and metacognitive. The acquisition of information 
was measured when a student used their smart-phone for scanning a QR-code and reading the 
resulting information. The transcribed video-data was coded independently and compared for an inter-
rater reliability coefficient of 87%.  

To be able to compare the different degrees of labour division an index was created. Each student 
needed to scan QR-codes to actively receive information about each species in the activity. Symmetry 
of the division of labour was therefore defined by how the instances of QR-code scans were 
distributed amongst the students. Symmetry was defined as 33% of QR-reads per student and 
became our baseline, indicated by the number 0. Each step in % in both positive and negative 
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direction represents a step from symmetry. This means that the higher the number, the more 
asymmetrical the group is. This index was named Labour Division Index (LDI). 

From that point, a one-tailed bivariate correlation analysis (Spearman Rho) was performed based on 
three set of variables, namely, the coded scaffolding types, the LDI index, and group performance. 
Group performance was indicated by pre- and post-tests performed by the students.  

3 RESULTS 

3.1 Division of Labour 
To be able to compare the different degrees of labour division an index was created. Each student 
needed to scan QR-codes to actively receive information about each species in the activity. Symmetry 
of the division of labour was therefore defined by how the instances of QR-code scans were 
distributed amongst the students. This equalled 33% per student and became our baseline, indicated 
by the number 0. Each step in % in both positive and negative direction represents a step from 
symmetry. This means that the higher the number, the more asymmetrical the group is. This index 
was named Labour Division Index (LDI). 

Table 1 shows each students distance from labour symmetry and the sum of the group as the LDI. 
The index affirms the prior assertion that Group 6 is the group with most symmetrical distribution of 
labour and Group 2 the least. 

Table 1.  Labour Division Index (LDI) 

Group Student 1 Student 2 Student 3 LDI 

G1 0 11 11 22 

G2 10 10 19 39 

G3 17 0 16 33 

G4 12 3 10 25 

G5 17 8 8 33 

G6 2 2 5 9 

3.2 Scaffolding 
Each occurrence of a scaffolding expression was noted and categorized according to the coding 
scheme. The results shown in Table 2 indicate an inclination towards procedural and conceptual 
scaffolding, which can have an explanation in the fact that the activity was designed with those types 
of processes in mind. One can observe two groups engage in affective scaffolding, but in general this 
is the type, after the metacognitive type, in which the students seemed least inclined to engage. 

Table 2.  Frequency of Scaffolding type provided per group 

Group Technical Affective Procedural Conceptual Strategic Metacognitive 

G1 3 0 17 14 9 1 

G2 11 3 35 22 28 1 

G3 2 0 15 21 4 0 

G4 12 10 19 16 14 2 

G5 14 10 12 19 8 0 

G6 4 0 13 5 5 0 

When looking at the correlation between LDI and the different scaffolding types in table 3, it can be 
observed that there is a statistical significant correlation between LDI and conceptual scaffolding. The 
learning activity was designed with an inclination towards conceptual descriptions of the species and 
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biotopes that were a part of the activity. What can be ascertained from this is that the increase in 
asymmetry of labour encourages students to give one another conceptual scaffolding. 

Table 3.  Correlation between LDI and Scaffolding types. sig. 0.01 

Scaffolding Type Technical Affective Procedural Conceptual Strategic Metacognitive 

LDI 0,329 0,202 0,269 0 0,269 0,477 

3.3 Scaffolding types and LDI effect on group performance 
Table 4 shows the correlation between group performance change and the different scaffolding types. 
We can observe a correlation between group performance change and conceptual scaffolding that is, 
in this case, a negative. As conceptual scaffolding increases group performance change decreases 
suggesting that the conceptual actually impairs performance rather than encourage it. 

Table 4.  Correlation between Group Performance Change and Scaffolding types. sig. 0.05 

Scaffolding 
Type Technical Affective Procedural Conceptual Strategic Metacognitive 

Performance 
Change 0,413 0,361 0,231 0,012 0,478 0,465 

Table 5 presents the correlation between the LDI and the change in group performance between the 
pre- and post-tests. The negative correlation indicates a decrease in group performance change as 
labour asymmetry increases. 

Table 5.  Correlation between LDI and % change in Group Performance. sig. 0.05 

Group LDI Performance 
Change 

Sig. (1-tailed) 

G1 22 68,75%  

G2 39 39,47  

G3 33 55,56%  

G4 25 35,71%  

G5 33 33,33%  

G6 9 72,73%  

   0,030 

As can be observed, an increase in labour asymmetry leads to both an increase in conceptual 
scaffolding and a decrease in group performance change. It can also be observed that conceptual 
scaffolding correlates negatively with group performance results. The correlation between labour 
asymmetry and scaffolding can be explained by the fact that the learning activity was heavily focused 
on conceptual descriptions of both specimen and biotopes. This coupled with the negative correlation 
between conceptual scaffolding and group performance results can indicate an incapability of the 
students’ ability to adequately scaffold each other. 

4 CONCLUSIONS 
The intention of this paper was to investigate how scaffolding needs, and students’ collaboration to 
meet these needs, are unfolded in mobile learning activities were teachers are not readily available. 
The analysis demonstrated that groups with asymmetrical division of labour in terms of reading QR-
codes required and provided more conceptual scaffolding than the more symmetric groups. As a 
result, the asymmetrical groups also performed significantly less good on the post-tests than groups 
with more symmetrical division of labour.  
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These results corroborate our observations from previous studies indicating a correlation between 
arising scaffolding needs and negative performance results [14]. Evidently, students’ provision of 
conceptual scaffolding did not satisfy the conceptual scaffolding needs in the groups. Our further 
investigations of why that happened leads us to the conclusion that the results emphasize young 
student’s inability to provide scaffolding as well as their tendency to instead spread misconceptions, 
incomplete and disorganized knowledge among their fellow peers, as indicated by our observations. 
These conclusions corroborate Kirschner and colleagues’ [9] criticism towards instructional methods 
with minimum guidance, and their emphasis on a large body of experiments that provides evidence for 
the negative consequences of unguided science instruction, at all age levels, and across a variety of 
science and math content.  

Consequently, if mobile learning approaches are to become an effective learning modality, and not 
merely an ideological hype, the guidance role provided by the teacher needs to be rethought. In 
mobile learning activities, such as the one analysed in this paper, a more readily available teacher 
could have regulated the collaboration between the students and provided the required conceptual 
scaffolding. Thus, when devising a mobile learning curriculum containing aspects of student-centred 
collaborative learning, the activity designer should bear in mind the capacities of the students to aid 
one another. If a readily available teacher cannot be guaranteed, the outdoor mobile learning tasks 
should be designed to demand less of conceptual thinking. 
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