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Overview 

!  Collecting data on learner characteristics and on 
their capabilities before and after a teaching 
intervention (or learning experience) is not new. 

!  Based on this data we can (only) hypothesise 
(based on theory) about the relationship between 
learner characteristics, interventions (or learning 
designs) and outcomes.  

!  Learning analytics can provide us with the 
additional information about the learning process 
to allow a deeper understanding of how a learning 
design can lead to learning outcomes  



This study (in general terms) 

!  A research study using learning sciences 
theories and methods to understand a general 
learning problem 

!  The data collections methods used (although 
they predate the term Learning Analytics) have 
very close parallels to analytics methods 



This study (specifically) 

!  Comparing learning performance using a 
discovery based versus a tutorial based 
learning design using multimedia learning 
resources 

!  A typical discovery design allows the learner to 
actively experiment with and manipulate 
objects within the environment and explore the 
responses of the simulated entities 

!  A typical tutorial design provides information to 
the learner in a lock step fashion for passive 
digestion 



Theoretical underpinnings 

!  Based on constructivist learning theories 
emanating from Piaget we would expect 
greater learning achievement from students 
experiencing a discovery design because of the 
opportunities to actively construct their own 
knowledge representations and then 
successively expose these representations to 
scrutiny by experimenting with chosen 
scenarios to test their assumptions about the 
knowledge domain. 



Experimental design 
!  Two content domains (global warming, blood alcohol 

concentration, considered separately in the analysis) 
!  Resources developed using two learning designs 

(discovery, tutorial) in each content domain 
!  Each participant (n=158) completed: 

!  a pre test on knowledge within each content domain,   
!  tasks using one tutorial resource and one discovery 

resource in two content domains, assigned at random 
!  A post test on knowledge within each content domain 

Content Domain 
Condition  Blood Alcohol 

Concentration  
Global Warming  

Tutorial N=73  N=85  
Discovery N=85 N=73 



Resource designs 
!  Discovery 

"  A series of instructional screens providing 
background to the content domain and explanation of 
terminology but not including explanation of key 
concepts 

"  A series of screens allow for setting of simulation 
parameters and mental prediction of output, 
observation of results, and mental explanation. 

!  Tutorial 
"  The same series of instructional screens as the 

discovery resources 
"  A series of simulation output screens showing the 

effect of different input parameters 



Blood Alcohol Concentration - Discovery 



Blood Alcohol Concentration - Tutorial 



Global Warming - Discovery 



Global Warming - Tutorial 



Data collection 
!  Identical pre-test and post-test on conceptual 

understanding within these learning domains 
"  Global warming – 7 items 
"  Blood alcohol concentration – 9 items 

!  Questionnaires on cognitive load and engagement 

!  Student actions within the learning resources were 
also logged to allow later analysis of their 
exploration strategies 



Example test item – Blood Alcohol 
!  A person with greater body weight: 

#  Will have a higher Blood Alcohol Concentration 
(BAC) than a lighter person. 

#  Will have a lower BAC than a lighter person . 
#  Will have the same BAC as a lighter person. 
#  Will have their BAC increase at a greater rate 

than a lighter person   

 



Example test item – Global Warming 
!  Which of the following environmental factors have a 

direct or an indirect effect on the Global Average 
Surface Temperature (GAST)? 
#  The amount of Carbon Dioxide (CO2) absorbed by 

plants  
#  The thickness of the ozone layer  
#  The percentage of CO2 in the atmosphere  
#  The Greenhouse insulation effect    

 



Results 

!  Little or no improvement on post test 

!  Main effect of learning condition for Blood Alcohol  
(F (1, 155) = 5.52; p = .02) 

!  No effect of learning condition for Global Warming  
(F (1,155) = 2.40; p = .124) 

Content 
Domain 

Condition Pre-Test  
M (SD) 

Post Test  
M (SD) 

T  

Global Warming Tutorial (n=85) 1.82 (1.51) 1.42 (1.29) 2.26 (p=0.027) 

Discovery (n=73) 1.68 (1.42) 1.72 (1.85) 0.20 (p=0.841) 

Blood Alcohol Tutorial (n=73) 3.55 (1.25) 3.42 (1.31) 0.60 (p=0.552) 

Discovery (n=85) 3.60 (1.24) 3.93 (1.40) 2.33 (p=0.022) 



Is this the end of the story? 
!  We noticed that variance in post-test scores for discovery 

participants were quite high 

!  In looking at the log files we noticed that some participants 
had explored the simulation systematically and others had 
not 

!  Exploring the data by eye suggested that those who 
explored the simulation systematically may have performed 
better 

!  Consequently we looked at ways we might characterise 
participants based on their exploration strategies 



Characterising exploration strategies 

!  The log file data provided us with a number of 
variables that could be used to characterise 
learners� strategies 

!  For example: 
"  Time spent on the task as a whole 
"  Time spent on specific screens representing aspects 

of the task (eg. planning, manipulating, reviewing 
output) 

"  The number of iterations through the simulation 
"  The number of variables changed during each 

iteration 
"  The values chosen 



Characterising exploration strategies 
!  Our initial analysis (see Dalgarno, Kennedy & 

Bennett, 2012), led to simple intuitively sound rule 
based characterisation: 

!  Systematic Discovery Participants: 
"  4 or more cycles with only one variable changed 

from previous cycle 
or 

"  4 or more cycles with only one variable changed 
from the provided example (�Bill�s values� or 
�2006 values�) 

!  Non Systematic Discovery Participants: 
"  All other discovery participants 



Results by strategy 

!  Significant main effect of learning condition for both 
content domains 

!  In each case  
Systematic Discovery > Non Systematic = Tutorial 

Content 
Domain 

Post-Test 
Tutorial  
M (SD) 

Post-Test  
Non 
Systematic 
Discovery  
M (SD) 

Post-Test 
Systematic 
Discovery  
M (SD) 

F p 

Global 
Warming 

1.42 (1.29)  1.33 (1.52)  2.48 (2.20)  4.17 .017 

Blood 
Alcohol 

3.42 (1.31) 
a 

3.51 (1.30) 
a 

4.56 (1.33) 
b 

8.69 <.001 



Take home messages for the research 
problem 
!  Idea that pure discovery learning can be inefficient or 

ineffective is consistent with Mayer (2004) and Kirschner et 
al. (2006). 

!  For some students, however, an active discovery-based 
design is ideal, which to some extent counters criticism of 
such designs. 

!  For others, the benefits of active exploration are countered 
by confusion caused by unsystematic exploration and they 
do no better than tutorial participants. 

!  For these students support (or scaffolding) is needed to 
ensure that they explore the environment in a systematic 
way and focus on the key concepts within it. 



Characterising exploration strategies 
!  There are a number of alternative approaches that have been 

used by others: 
"  Thompson and Reimann (2010), drawing on Levy and Wilensky 

(2005), used rules based on the values chosen by learners, the 
time spent and the number of iteration, and characterised 
learner strategies as �straight to the point�, �homing� or 
�oscillating�, in manipulating an agent-based model .  

"  Kennedy and Judd (2004) used Cluster Analysis to identify 
clusters of students with interaction patterns illustrating distinct 
learning strategies in the context of exploration of a digital 
learning resource 

"  Kennedy et al. (2012) developed Hidden Marcov Models of 
characterising expert and novice performance in a surgical 
simulator and dynamically provided feedback to learners 
depending on which model their actions best matched 



Characterising exploration strategies 
!  The key potential limitation of the simple rule based 

method used in our earlier analysis is that there may be 
a range of different strategies used with varying 
efficacies and so a simple systematic/unsystematic 
characterisation may be too simplistic 

 



Characterising exploration strategies 
!  Our second approach was to use cluster analysis, 

drawing on the following variables: 
"  time spent on the background material preceding the simulation, 
"  total time spent on the simulation 
"  number of cycles in which exactly one variable was changed from the 

previous cycle 
"  number of cycles in which exactly one variable was changed from the 

provided base values 
"  number of cycles where at least one variable was changed from the 

previous cycle 
"  the sum of the number of variables changed per cycle across all cycles.  



Characterising exploration strategies 
!  Cluster analysis for the Blood Alcohol condition led to a 

three-cluster solution, discriminated by: 
"  by time spent on the simulation, and 
"  the degree to which the student manipulated single 

variables in the simulation.  

!  Cluster analysis for the Global Warming condition led to 
a four-cluster solution, using the same variables as 
above. 

!  The additional cluster in the Global Warming condition 
contained students with interaction patterns that were 
indicative of a complete lack of engagement with the 
program.  



Take home messages for learning 
analytics 
!  Learning designers and academic staff need more 

sophisticated understandings of the relationship between 
learning activities and outcomes 

!  Techniques such as Cluster Aalysis and use of Hidden 
Marcov Models have promise in characterising learning 
strategies 

!  We need tools that make it easier to  
"  Develop empirically (and theoretically) informed 

characterisations of successful and unsuccessful 
strategies in specific discipline/learning design contexts 

"  Automatically provide tailored support based on this 
characterisation  



Follow up research 
!  Currently analysing the results of the engagement and 

cognitive load questionnaires to determine whether there is 
a relationship between learning condition and these 
factors, or between these factors and learning outcomes. 

!  Also exploring whether prior knowledge is a predictor of 
more systematic exploration as predicted by Kirschner et 
al. (2006) 

!  We have also undertaken a study using the same 
experimental design but with participants in an MRI 
scanner to determine whether brain activation differences 
are evident between the two conditions (see Dalgarno, 
Kennedy & Bennett, 2010)  and we are also currently 
analysing these results. 
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