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Abstract 
Over a period of 4.5 months, a high school class participated in inquiry projects to self-directly learn 
topics from applied biology by making use of platforms and tools developed in the course of the Euro-
pean research projects weSPOT (http://wespot.net/) and LEA´s Box (http://leas-box.eu). Overall, 34 
students (24 female) aging from 14 to 17 years (M = 15.06; SD = 0.78 years) were asked to self-
directly engage with learning resources. The learning resources have been evaluated by the students 
on how helpful they were in their current learning state and by the teacher with regards to the four 
dimensions of the Index of Learning Styles Questionnaire (ILS). The students filled out declarative 
knowledge pre- and posttests, the ILS and a learning logbook for the learning resource evaluation as 
well as the Intrinsic Motivation Inventory. Highly significant correlations have been observed between 
the learning analytics and the teachers’ evaluation of the exercises carried out by the students, the 
students´ self-assessment of their exercises and the number of consumed learning resources. An 
Analysis of Variance indicate that female students consume more learning resources and submit more 
and better evaluated exercises and a positive impact of intrinsic motivation for the learning resource 
evaluation. The quantitative results are enriched by a qualitative interview with the teacher on his ex-
periences.  
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1 INTRODUCTION 
The increasing availability of comprehensive technology-enhanced learning (TEL) environments ena-
bles students to easily advance their knowledge without direct support from a teacher. However, 
teachers are challenged by the need to provide appropriate learning resources and to keep up with 
students’ learning progress without reverting to exams or tests [1]. Learning analytics and educational 
data mining are two highly interrelated research fields that aim to help teaches and educators to make 
previously hidden insights explicit (e.g. [2]). Teachers usually want to have user-friendly tools that help 
them to reduce the time required for personalized assessment and tailored competence development 
of their students.  

The LEA´s Box project (http://leas-box.eu/) aimed to provide a Learning Analytics Toolbox that can be 
used by teachers for student modelling and visualization of educational data [3].  

Another trend is to focus on the development of skills and competences which can be transferred to 
other domains. Inquiry-based approaches to science learning are gaining popularity worldwide. Such 
approaches combine science knowledge with practicing skills that are generally accepted as the skills 
of the XXI century, such as critical thinking, creativity, digital literacy and problem-solving [4]. In a Eu-
ropean research project called weSPOT a Working Environment with Social and Personal Open Tools 
for Inquiry Based learning has been developed [5].  

In this paper we describe how these two platforms, the weSPOT platform and the LEAs Box platform 
has been used by students and their teacher in the course of applied biology inquiry projects. By this, 
we aim to explore if and how the concept of learning styles mediates inquiry-based learning and to 
which extend these constructivist learning processes can be detected by learning analytics.   
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2 METHODOLOGY 

2.1 Sample 
Initially there were 24 female and 10 male students with an average age of 15.06 years (SD = 0.78 
years), ranging from 14 to 17 years. One male student dropped out the class in the middle of the se-
mester. 

The teacher holds a degree in Ecology and Evolutionary Biology in 2013, and completed an additional 
pedagogical training program. Since then he has been working as a Biology, Human Ecology and Re-
source Management teacher.  

2.2 Material  

2.2.1 Questionnaires and inventories 
The teacher evaluated the following:  

Learning Resources: Overall, 55 learning resources (such as text documents, URLs, videos, exercises 
or little experiments) on the domain Ecosystems have been collected in advance by the teacher. The-
se learning resources were evaluated by the teacher with regards to the 4 bipolar dimensions of the 
Index of Learning Styles Questionnaire (for details see below) on a 5-point Likert scale. 

Assessment of the student´s exercises via MyClass: Students engaged with digital learning resources 
via their tablets and in addition, they had to carry out exercises in a paper-and-pencil format. The 
teacher evaluated all student’s exercises by an 11 point Likert scale, ranging from 0 to 10.  

The following questionnaires and inventories have been filled out by the students:  

Index of Learning Styles Questionnaire: The Learning Styles Questionnaire from Soloman and Felder 
is based on the Felder–Silverman Learning and Teaching Style Model [6]. The questionnaire consists 
of 44 items, 11 for each of the following 4 bipolar scales [7]: i) sensing vs. intuitive, ii) visual vs. verbal, 
iii) active vs. reflective, and iv) sequential vs. global. 

Declarative Knowledge Test: To measure the student´s declarative knowledge states before and after 
using the LEAs Box and weSPOT tools, two parallel versions of a knowledge test on the domain “Eco-
systems” has been provided to the students. Both parallel versions consisted of 14 multiple-choice 
items with 4 choices to choose from.     

Learning Log-book: The students had to engage in a self-directed manner with the learning resources. 
They were asked to fill out the so called “Learning Log-book” which consists of a form with one row 
per learning resource. For each learning resource, the students had to its title, a short summary of its 
content and finally, an evaluation of the learning resource, indicated by values between 0 and 5. This 
evaluation was with regards to the “helpfulness” of this particular learning resource for the student at 
his or her current learning state.  

Students self-evaluations of their exercises via MyClass: Similar as for the teacher (see above), stu-
dents used the MyClass tool to evaluate their own exercises and competences. The self-assessments 
have been compared with the teacher´s assessments and such comparisons were the basis for self-
reflections and discussions between teachers and students. 

Intrinsic Motivation Scale: To assess the intrinsic motivation of the students, we provided the Intrinsic 
Motivation Inventory (IMI, [8]). From the original six subscales of the IMI, three subscales considered 
as most important (interest/enjoyment, effort/importance, value/usefulness) were selected.  Each sub-
scale is represented by three statements, which have to be rated on a 7-point Likert scale ranging 
from 1 (not at all true) to 7 (very true).  

2.2.2 Tools and Software platforms 
As mentioned above, the weSPOT platform aims to support inquiry-based learning. Thus, it has been 
primarily used by the students. The LEA´s Box platform has been primarily used by the teacher to 
track and visualize educational data.  

The weSPOT platform consists of the following main components (a screenshot of the platform and its 
entry points is shown in Figure 1):  
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The Inquiry space engine (WIE) allows teachers and students to set up an inquiry project, organize 
and structure it according to their needs by activating selected components (widgets) from a broad 
range of those available per inquiry phase. 

The Formal Concept Analysis tool (FCA) is a domain representation and-visualisation tool. The FCA 
allows for structuring the learning domain using objects (i.e., files uploaded into the platform), attrib-
utes and learning resources (URLs) [9].  

The Learning Analytics Reflection and Awareness environment (LARAe) is a learning analytics tool 
which provides an overview of all learners’ activities shows generated content at individual and group 
level. 

	  
Figure 1. weSPOT Inquiry Workflow Engine with (1) the inquiry phases represented as tabs,  

(2) the widgets space, (3) additional tools including LARAe and the FCA tool. 

The LEAs Box platform consists of a wide range of tools and widgets, however, for this study, the 
main components are the following: 

The LEAs Box´ FCA Tool has been used by the teacher to get an overview of the students´ compe-
tences, achievements and weaknesses by visualizing them on a classroom level [10]. 

The MyClass Tool is a sort of “digital class book” which allows the teacher to easily track activities or 
achievements of the students with his tablet PC. MyClass can be also used for intermediate and final 
evaluations of the students’ competence and performance levels and to feedback these evaluations to 
the students. 

2.3 Procedure  
The overall procedure can be divided in three consecutive phases: a pre-, an intermediate- and a 
post-test phase:  

In the pre-test phase, the teacher - together with the authors - arranges the inquiry in the weSPOT 
platform (e.g. the inquiry phases, the objects, attributes and learning resources via the weSPOT´s 
FCA tool) and sets up the LEA´s Box platform. The students fill out the ILS, the declarative knowledge 
test and the IMI.  
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In the intermediate-test phase, the teacher uses the MyClass tool to manually track the student’s activ-
ities, their competence-centered strengths and weaknesses. The students interact with the weSPOT 
environment and work on their inquiries, partly in groups and partly individually. For this, they use their 
own tablet PCs. Their inquiry-related activities are tracked by weSPOT´s LARAe tool. The FCA tool 
gives an overview on the domain, i.e. to objects and attributes and their relationships, as well as the 
learning resources provided by the teacher. Students can decide by their own of which and how many 
learning resources they consume within the sessions. Once they are finished with one learning re-
source, they fill out the Learning Log-book. In addition, they work on exercises in paper-and-paper 
format. In the middle of this phase, they fill out the IMI for a second time. 

In the post-test phase, students fill out the second part of the declarative knowledge test (post-test), 
the IMI for the third time and they submit their Learning Log-books to the teacher. They evaluate their 
own performance via the MyClass tool. The teacher evaluates the student´s exercises as well as 
competences via the MyClass tool. 

3 RESULTS 

3.1 Correlations 
The students’ knowledge increase correlates with the knowledge pre-test (r = -.73, p < .001) and post-
tests results (r = -.63, p < .001; n = 25). This is not surprising, since the knowledge increase values are 
derived from the other two values. The negative coefficient between knowledge increase and the 
knowledge pre-test reflects that the lower the pre-test values, the higher the “potential for improve-
ment”.  

The higher (or the better) the student´s self-evaluations of their own exercises, the lower the students’ 
knowledge post-test results (r = -.36, p < .05; n = 34) and the lower the number of exercises carried 
out by the students (r = -.48, p < .001; n = 33). A possible explanation concerning the latter relation-
ship could be that those students who submitted fewer exercises had the subjective impression that 
they delivered higher quality, rather than just quantity.  

The higher the number of consumed learning resources, the higher the knowledge post-test results (r 
= .38, p < .05; n = 27) and the teachers average evaluation of the student´s exercises (r = .54, p < 
.001; n = 27). Put simple: the students learned something by consuming and interacting with the learn-
ing resources.  

The number of weSPOT activities tracked by the LARAe tool is correlated with i) the number of exer-
cises submitted to the teacher (r = .66, p < .001; n = 33), ii) the teacher´s evaluation of these exercises 
(r = .43, p < .05; n = 33), iii) the students´ self-evaluation of these exercises (r = .67, p < .05; n = 33) 
and iv) the number of consumed learning resources (r = .51, p < .05; n = 27). All of these relationships 
are reflected by positive correlation coefficients. This means that the LARAe tool enables to predict 
other activity-related achievements of the students. 

There are highly significant correlations between the scales of the IMI. Thus, we will focus on the 
overall IMI values at the pre- intermediate- and post phase. The sensing-intuitive scale is correlated 
with the students´ intermediate intrinsic motivation (r = -.50, p < .05; n = 26) and their post phase in-
trinsic motivation (r = -.38, p < .05; n = 28); i.e. “sensing” learners are more motivated. The visual-
verbal scale is correlated with the students´ pre- (r = -.39, p < .05; n = 28), intermediate- (r = -.53, p < 
.05; n = 26) and post phase intrinsic motivation (r = -.48, p < .05; n = 28); i.e. “visual” learners are 
more motivated. 

The following analysis aims to contribute to the matching hypothesis in the field of learning styles: In a 
nutshell, the matching-hypothesis suggests that the instructional style or the nature of the learning 
resources (e.g. “concrete” or “visual”) should be aligned with the learner´s dominant learning style.  
We “measured” the matching between the students learning styles and the nature of the learning re-
sources by the following approach: All learning resources have been evaluated by the teacher with 
regards to the 4 bipolar scales of the ILS. The normalized values of these evaluations deliver a “vec-
tor” with 4 numbers between 0 and 1. A similar vector can be defined by the learning style values of 
the students. For each dimension we computed the absolute difference between the “learner´s learn-
ing style value” and the “learning resource´s learning style value”. The lower this absolute difference, 
the higher the “matching” between a particular student and the learning resource. These absolute dif-
ferences values have been correlated with the student’s evaluation of the learning resources. 
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There is a null-correlation between the „matching“ of students and learning resources and the students 
evaluation of these learning resources (for each of the four dimensions). Potential explanations for 
these rather surprising results will be outlined in the conclusion section.  

3.2 Analysis of Variance 
From a methodological point of view, a Multivariate Analysis of Variance with 7 dependent variables 
would be the appropriate statistical method. However, due to non-equal distribution of the independent 
variables together with a lack of complete datasets of male students with respect to the 7 dependent 
variables, we decided to apply a series of analyses of variance (ANOVA´s), separated for “gender”, 
pre-knowledge and intrinsic motivation (based on a median split). The gender effects are summarized 
in the following table. 

Table 1.  Gender effects.	  

Dependent Variable n_female n_male F p 

Teacher´s evaluation of the exercises 23 10 6.080 0.019* 

Number of consumed Learning Resources 20 7 5.759 0.024* 

Number of weSPOT Activities 23 10 15.819 0.000** 

Female students received better evaluations of their exercises by the teacher (M = 0.74, SD = 0.07) 
than male students (M = 0.67, SD = 0.06). Female students consumed more learning resources (M = 
12.00, SD = 4,38) than male students (M = 7.71; SD = 2.87). Finally, female students carried out more 
weSPOT activities (M = 11.43; SD = 4.56) than male students (M = 4.89; SD = 3.74).  

As already indicated by the correlative analysis, the lower the knowledge pre-test values, the higher 
the “potential for improvement”. Students with lower knowledge pre-test levels (n = 10) have a higher 
knowledge increase at the end the study (M = 0.27; SD = 0.08) than students with higher knowledge 
pre-test levels (n = 15; M = 0.08, SD = 0.14; F(1,23) = 14.18, p < .001). 

With regards to intrinsic motivation, students with a high intrinsic motivation pre-test value (n = 14), 
evaluated the learning resources better (M = 3.70, SD = 0,55) than students with a low intrinsic moti-
vation pre-test value (n = 10; M = 3.15, SD = 0.69; F(1,22) = 4.58, p < .05).  

3.3 Qualitative Interview 
At the 15th of August 2016, a 1.5 hours long interview with the teacher took place. The interview has 
been recorded with a Dictaphone and transcribed afterwards. In the following, we selected the main 
paragraphs of this interview.  

Interviewer: What were your experiences with the questionnaires? 

Teacher: It was interesting for me to read the questionnaires and think about the underlying concepts. 
Thereby I got some new insights; in particular, the learning styles inventory was interesting and inspir-
ing for me. The questionnaire and its items provide a lot of hints about the underlying theory. During 
my studies and pedagogy-training as a teacher, I haven´t learned that much about learning styles or 
motivation.  

Interviewer: What were your experiences with the evaluation methodology, i.e. the procedure, and the 
additional effort? 

Teacher: Additional effort which was required to carry out the studies such as providing the question-
naires to the students was not a problem. However, it took much effort to sort the questionnaires, 
checking and finalizing the data, etc. In total I received around 600 submissions from the students, 
such as the knowledge tests, the student’s exercises, etc. Especially important for the students was 
getting immediately feedback, otherwise it wouldn´t make much sense for them, so I have to evaluate 
every submissions and this takes a while of course. Generally speaking, compared to my other clas-
ses, in this project there was no teacher-centred teaching. Even if teacher-centred teaching has some 
disadvantages, the main advantage is that you get - at least in principle - direct feedback from the 
students - I mean, feedback if they got it or not. In a self-directed, peer-group learning setting, you 
don´t get such kind of immediate feedback. What the students grasped and what not, becomes obvi-
ous once you received and evaluated the submissions. In general, my version of teacher-centred 
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teaching looks like this: I show the learning resource on the screen or make a sketch on the black-
board and go through it, together with the students, and I try to initiate a discussion and encourage my 
students to ask questions. That might take a while, however, I immediately know if the students got it 
or not. 

Interviewer: What were your experiences with the LEAs Box platform? 

Teacher: At the beginning of the project I had a clear idea about the “mapping” between competences, 
the learning resources, the exercises, etc. Of course I had some vague ideas of these concepts. But 
when using the FCA component, I had to relate the learning resources, exercises and the competenc-
es with each other. By using the FCA you immediately an explicit representation of the teaching sub-
ject: right away you see if something is missing or underrepresented. This way of thinking is new to 
me, I mean, of course you prepare your lessons and teaching, but so far I wasn´t thinking about also 
preparing an explicit mapping between competences and learning resources. I consider it as helpful 
and important.  

Another nice feature in LEAs Box is the opportunity for students to compare their own self-evaluations 
with my evaluations. Some used it intensely and also asked me why I evaluated them differently than 
they expected. 

4 CONCLUSIONS 
From our point of view, the most interesting correlative result is the negative relationship between the 
student´s self-evaluations of their exercises and the students’ knowledge post-test results. It seems 
that students with less declarative knowledge at the end of the inquiry project overestimate their 
achievements.  

The number of weSPOT activities tracked by the LARAe tool reflects a wide range of other variables, 
such as the i) number of exercises submitted to the teacher, ii) the teacher´s evaluation of these exer-
cises, iii) the students´ self-evaluation of these exercises and iv) the number of consumed learning 
resources.  

The results on the “matching hypothesis” were surprising. We expected a positive correlation between 
the “learner-learning resource matching” and the evaluation of the learning resources of the students 
(reflected in a negative correlation in our context: the lower the “distance”, the better the learning re-
source evaluation values). Together with the teacher, we identified 4 potential explanations: 

1 Plain and simple, the matching hypothesis can be rejected. 

2 We asked the students to evaluate how “helpful” the learning resources were for them, rather 
than how much they liked or enjoyed this particular learning resource in general. Maybe this dif-
ference was a bit confusing for some students. In consequence, this might have resulted in ad-
ditional “noise” in the data. 

3 Maybe it is exactly this kind of evaluation aspect (“helpfulness”) for which the matching hypoth-
esis does not hold.  

4 There were some learning resources which have been generally evaluated with either extremely 
high or low values, from all students, i.e. independent from their gender, pre-test knowledge or 
learning styles. Such “extreme example” together with low variance reduces the correlation co-
efficient.  

The results of the Analysis of Variance series hint at significant gender differences. The teacher was 
not surprised by these results.  

Not surprisingly, all factors of IMI are highly correlated with each other. “Intuitive” learners had lower 
intrinsic motivation values during and at the end of the study. “Verbal” learners were less motivated 
during the whole inquiry project, as indicated by lower pre-, intermediate-, and post-test values at the 
Intrinsic Motivation Inventory. These results could be explained to some extend when considering the 
topic of the student´s inquiry: Many learning resources consisted of pictures and some learning re-
sources were small experiments. This might have been more motivating for “visual” and “sensing” 
learners.  
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