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Abstract. This paper introduces a domain-independent open learner model with
multiple simple views on individual learner model data. Learners can also com-
pare their knowledge level to their peer group, and to instructor expectations for
different stages of their course. The aim is to help learners identify their knowl-
edge, difficulties and misconceptions; prompt reflection on their knowledge and
learning; and facilitate planning. We present a study of OLMlets in 4 university
courses, with 114 users making over 20000 learner model inspections.

1 Introduction

There is an increasing trend towards opening the learner model of intelligent tutoring
systems (ITS) to the learner that the model represents. The views of such 'open learner
models' (OLM) may be simple overviews of knowledge level, or more detailed repre-
sentations of knowledge, concepts, interrelationships between concepts, misconcep-
tions, etc. In this paper we are concerned with students' use of simple learner model
presentations that can be easily deployed into a range of courses.

Most simple open learner models are in the form of a skill meter, e.g. [1,2,3,4,5].
However, as yet there has been no investigation into whether learners find this the
most useful presentation of simple-format learner model information. Students have
clear individual preferences when multiple detailed views are available, but with none
of the views standing out as most useful for most students, or generally less useful [6].
Given that skill meters are now becoming more common, it is important to investigate
the use of multiple views of simple learner model presentations, to find out whether
differences in learner preferences also exist with a simple open learner model, and
hence whether the more widespread use of skill meters over other formats, is justified.

This paper introduces OLMlets (small OLMs - as in piglets or rootlets). OLMlets
can be used in a range of courses for which multiple choice questions are appropriate.
It is necessarily simple in order to encourage instructors to input the multiple choice
questions required, and deploy the system in their courses. As a simple OLM, it is not
currently part of an ITS, although the OLMlets approach could be harnessed for use in
full systems. The aim of using OLMlIets independently of an ITS is to prompt students
to reflect on their knowledge (including lack of knowledge and misconceptions),
facilitate planning of future learning episodes, and encourage learners to take greater
responsibility for their learning. It has also been suggested that learners might like to

M. Ikeda, K. Ashley, and T.-W. Chan (Eds.): ITS 2006, LNCS 4053, pp. 422 —432, 2006.
© Springer-Verlag Berlin Heidelberg 2006



20000 Inspections of a Domain-Independent Open Learner Model 423

compare their knowledge to that of their peers, or to the expectations of the instructor
for the current stage of their course [7]. OLMlets also has such comparison views.

This paper presents a study of the OLMlets logs with 114 users in 4 university
courses. 13113 questions were answered; 17000 (exactly) inspections of the individ-
ual views of knowledge level were made; 520 additional inspections of misconception
descriptions; 1637 inspections of the peer comparison view; and 1296 inspections of
the instructor expectations view - a total of over 20000 model inspections.

2 A Domain-Independent Simple Open Learner Model

OLMlets has an interface through which instructors can enter multiple choice ques-
tions and responses; indicate which answer is correct; define misconceptions and
assign these to incorrect answers; and indicate which responses are incorrect (but
where no associated misconceptions are identified). Images, superscript/subscript and
limited special characters (e.g. €2,IT) may be used. Thus OLMlIets is suitable for many
courses for which multiple choice questions are suitable. Instructors may also define
expected knowledge levels for each topic, at different stages of the course.

Based on a student's answers to the questions, OLMlets constructs a model of the
learner's knowledge level of each topic - represented by a number between 0 and 1,
with 1 representing probable mastery and 0O indicating no knowledge. Misconceptions
are identified by comparing user input to a misconceptions library for a course (cre-
ated when an instructor defines misconceptions). The probability of a misconception
being held is also represented by a number between 0 and 1, with 1 indicating high
probability that the learner holds the misconception. The last five attempts at ques-
tions for each topic contribute to the learner model of an individual, with successively
heavier weighting on the most recent of those five attempts. An 'unsure' option is
automatically included with the response choices created by an instructor, in order
that a learner is not forced to guess if they do not know the answer, thus avoiding
knowledge or misconceptions being represented in the model based on guessing.

Because OLMlets is domain-independent, relying on instructors to input questions
and building the learner model as defined according to instructor input, the learner
modelling is not complex. There is no domain model for the differing content of the
various courses. The views of the learner model for an individual are therefore simple.
There are five views, as shown in Figure 1: skill meter (the most common form of
simple OLM); graph (the bars from the skill meter located over, or to one side of a
‘neutral' axis to help visualisation of positive and negative data); boxes (coloured to
indicate knowledge level); table (knowledge level ranked according to proficiency);
text (a summary of knowledge in the order topics were sequenced by the instructor).

The large image shows the skill meter view in the full window. The smaller images
show the other forms for comparison. The learner may change view by clicking on the
links at the top of the page. Clicking on the misconceptions link next to a topic results
in a textual description of the misconception being displayed at that location. Clicking
on the compare link provides a comparison of the user's own knowledge for a topic, to
that of the other users in their course, as shown in Figure 2. The star indicates the
learner's own knowledge level for the topic, for ease of comparison against the rest of
the group. Clicking on the numbers below the view links in Figure 1 (for week, day or
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lecture number - method selected by the instructor), displays the learner's knowledge
level against the expectations for that stage of the course, as shown in Figure 3 for the
skill meters and text views. Thus the learner can compare their current knowledge to
the current expectations, and to expectations for previous or future stages of the
course. This is useful, for example, if they are behind: the student may wish to try to
‘catch up', and viewing expectations for different points of a course may help them to
set realistic goals not only according to the current expectations, but also taking into
account their position with respect to the expectations at different stages of learning.
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3 Use of the Individual and Comparison Leaner Model Views

While OLMlets could be incorporated into an ITS, it is currently deployed independ-
ently of a full system, alongside a range of courses. We present an overview of use in
the first 4 courses in which OLMlets was deployed - the courses in which the teaching
(but not necessarily the assessment) was completed at the time of the study.

3.1 Participants, Materials and Methods

Participants were 114 students in Electronic, Electrical and Computer Engineering at
the University of Birmingham, using OLMlets in one of 4 courses as in Table 1.

Table 1. Courses in which OLMlets was used

Year Course Taking Course | Used OLMlets
1 Circuit Analysis 70 28  (40%)
1 Communication, IT & Lab Skills 108 47  (44%)
3 Interactive Learning Environments 29 29 (100%)
4/MSc/MRes User Modelling 10 10 (100%)

Electronic, Electrical and Computer Engineering has 3 year BEng, 4 year MEng,
and MSc/MRes degrees in subjects such as Electronic and FElectrical Engineering,
Communications Systems Engineering, Computer Systems Engineering, Computer
Interactive Systems; and combinations with Computer Science, Languages, and Busi-
ness Management. The 1* year Communication, IT & Lab Skills had students from
the range of degrees as it is compulsory for all. The 1% year Circuit Analysis had stu-
dents from the more traditional engineering degrees. The 3™ year Interactive Learning
Environments had mainly students from the Computer Interactive Systems degree
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(which has a stronger focus on human factors and psychology in computing), but
included some taking the Computer Systems Engineering degree, who chose it op-
tionally. Students taking 4™ year/MSc/MRes User Modelling were from a range of
degrees.

The two 1% year courses introduced the OLMlets URL in a lecture, but had no fur-
ther support. Those participating were therefore self-selecting. However, their data is
still valid as we do not wish to argue that OLMlets should necessarily be used by
everyone, if they have alternative successful learning strategies. Furthermore, the
level of uptake (40% & 44%) is not especially low when considering that use was
optional, and students had to familiarise themselves with OLMlets without support.
There was no upcoming assessment for Circuit Analysis at the time of the study, thus
students had no immediate assessment goal. The Communication, IT & Lab Skills
course introduced OLMlets shortly before a multiple choice test was administered, the
question types in OLMlets and the test being similar. The test contributed 25% to the
final course mark. There may have been students who did not know about OLMlets in
that course, as on the day that the URL was given out, there were only about 60 in
attendance. Thus the percentage may be underestimating uptake from amongst those
who knew about OLMlets. The 3™ year Interactive Learning Environments course
introduced OLMlets in a lab at the start of the course, several weeks before the learner
model of each student was assessed, the learner model counting for 10% of the course
mark. The 4" year/MSc/MRes User Modelling also introduced OLMlets in a lab, a
month before assessed reports were due, which comprised 100% of the assessment.
The form of assessment (written report) was quite different from the OLMlets ques-
tions, though the questions addressed issues relating to the report requirements.
Because these two courses introduced OLMlets in a lab, there was 100% uptake.

All groups had access to the five individual learner model views, and the group
comparison - automatically generated based on all models. Expected knowledge was
set in all courses. Misconceptions libraries were identified for 1* year Circuit Analy-
sis and 3" year Interactive Learning Environments. Students were not advised how to
use OLMlets. Only in the 3™ year course did use contribute directly to assessment.
Questionnaires were completed by the 3" years at the end of the course. The analysis
below is taken mostly from the system logs for all courses, but with some reference to
the questionnaires. Questions required answers on a 5 point scale (strongly agree,
agree, neutral, disagree, strongly disagree); and solicited open-ended comments.

3.2 Results

13113 questions were answered. 20523 learner model inspections were made. 1241
questions were answered in 1% year Circuit Analysis (average 44); 2051 in 1% year
Communication, IT & Lab Skills (average 44); 9340 in 3 year Interactive Learning
Environments (average 322); 481 in 4™ year/MSc/MRes User Modelling (average 48).
Table 2 gives the breakdown for viewing the individual model views, which com-
prised 17000 of the model inspections. The final columns show the mean, median and
range of inspections of individual views. The skill meter was the most frequently used
by all groups. Apart from 3™ year Interactive Learning Environments, there was also
usage, albeit at a lower level, of the graph view. There was occasional use of the other
views (though these need to be accessed at least once before users can decide whether
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they are helpful). In the courses where the learner models were not assessed, the mean
viewings per student was similar, at 31, 33 & 37, though the ranges were more varied.
The median number of viewings was 16-28. The generally higher number of model
inspections was in the more senior course, which had students with an interest in user
modelling. In the course in which the learner models were assessed, the mean number
of model inspections was much higher, at 491. Here the number of viewings ranged
from 16 to 1112. However, only 3 learners made fewer than 100 inspections of their
model, and only 5 made fewer than 200. The median was high, at 517. In this course
more viewings were made of the learner model, than questions answered.

Table 2. Use of the individual model views

Couse | SKilM | Graph | Boses | Table | Text_| yyiot| an'hiows| alviws
Giruit | 5o | 16% | 0% | om | 7w | B | 16 [0-23
;T/Lab 6989;0 1139;0 69‘(71 7930 6920 31 24 0-143
sue | L0 O R A B e | s fie-
R I AT N T B e

45 of the 114 students used 1 view mainly, 44 of whom using the skill meter. 1
used mainly the boxes (usage defined by a view being selected at least 10% of times
the individual model was accessed). 16 used 2 views, the most common combination
being skill meter and graph, with 11; then other combinations, 2 of which did not
include the skill meter, and 3 of which did not include the graph. All combinations
included at least one of these views. 13 students used 3 views, each combination in-
cluding the skill meter, with the second most frequent being the graph (9). 20 students
used 4 views, with 2 not using the skill meter and 3 not using the graph; and 13 used
all 5 views. Only 15 users did not use the skill meter as their most frequent view, and
72 were using the skill meter for over 50% of viewings of their individual model.
Only the graph and boxes also had users accessing them at least 50% of the time, with
4 and 3 users respectively. 7 students did not access their individual learner model.

The most common strategy was to observe the model update after each question
had been answered, with 5056 such occurrences, representing 30% of model view-
ings. 14 (12%) of the 114 users usually checked their model after each question, 11 of
these in the 3" year course in which the learner model was assessed. These users had
attempted varying numbers of questions, the highest being a learner who attempted
626, where the model was checked after a single question had been answered on 449
occasions. 11 (10%) were checking their model on average after 10 or more ques-
tions, with the highest average being 16 (3 of these were from the 3" year course).
The remainder checked their model after answering 2-9 questions. The average for 1%
year Circuit Analysis was 6.6; ™ year Communication, IT & Lab Skills, 4.5; 31 year
Interactive Learning Environments, 3.2; 4t year/MSc/MRes User Modelling, 7.8.
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Misconception descriptions can be accessed in all views. Once opened, they re-
main visible until the user hides them. Thus there may be more occasions on which
learners paid attention to misconceptions, than shown in the logs. Table 3 shows the
number of times students opened a misconception in the courses in which misconcep-
tions were modelled, and the mean, median and range. This includes only students
who had misconceptions. Viewing misconceptions was higher in the 3™ year course.
Only 1 student had no misconceptions. There was no clustering of viewing, with a
spread over the range of 3-54 viewings - but with fewer at the higher end. In the 1%
year course, 12 users had no misconceptions. Of the remainder, half viewed miscon-
ception descriptions once or twice, with most of the rest viewing fewer than 8 times.

Table 3. Inspection of misconception descriptions

Course Misconceptions Mean Median Range
1 Circuit Analysis 79 5 8.5 1-27
3 ILE 441 16 12.5 3-54
Table 4. Use of the peer comparison view
Course Peer View Mean Median Range
1 Circuit Analysis 217 8 5 0-68
1 IT/Lab Skills 326 7 5 0-34
3 ILE 1011 35 25 2-144
4 User Modelling 83 8 4 2-40
Table 5. Use of the instructor expectations comparison view
Course Expect. View Mean Median Range
1 Circuit Analysis 169 6 2 0-22
1 IT/Lab Skills 178 4 0 0-24
3 ILE 841 29 24 1-63
4 User Modelling 108 11 13 1-23

Table 4 shows use of the peer comparison view. There were 1637 inspections of
the peer comparison. Some students were not interested in comparing their knowledge
to that of others, with 19 of the 114 students not accessing this view. However, most
accessed it several times - with means of 7 and 8; and medians of 4 and 5 for the
courses in which the learner model was not assessed. In the course in which the
learner model was assessed, students compared their knowledge to others' more often.

Table 5 gives the usage of the instructor expectations view. As with the misconcep-
tions, the expectations comparison remains visible until the learner closes it. There-
fore the logs may underestimate the attention users paid to this information. 1296
inspections were made. Most of these were in the 3 year course where the learner
model was assessed, although it was only the final model that contributed to the mark
(i.e. assessment was not made at various points in the term to coincide with
what students were expected to know). In the 1% year courses, inspections of the
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comparison to expectations were made occasionally, though 38 students were not
interested in this information. In the Communication, IT & Lab Skills course, OLM-
lets was not introduced until shortly before the end of the teaching period (and so
students had little opportunity to make use of this view). In the 4™ year/MSc/MRes
course, interest was higher, with 6 students making 12 or more inspections, but 4
making 5 or fewer.

The 3" year group filled in a questionnaire at the end of the course. This was the
only group that had completed all teaching and assessment at the time of the study. 23
questionnaires were returned, a 79% return rate. This paper has focussed on the logs
rather than questionnaires. However, to demonstrate students' perceptions of the util-
ity of OLMlets, and differences in preferences between individuals, we provide the
results of 3 of the questions and excerpts from students' open-ended comments:

1. 22 students agreed or strongly agreed that using one or more of the individual
views was useful in helping them identify their knowledge/difficulties; 1 user gave
a neutral response.

2. 18 learners agreed or strongly agreed that the comparison to instructor expecta-
tions was useful; 5 gave a neutral response.

3. 20 students agreed or strongly agreed that the peer comparison view was useful; 2
gave a neutral response; and 1 disagreed.

e The graph view was less useful. The reason was because by having the grey and
red areas separate it was difficult to see how much of the topic I had good knowl-
edge of. In the skill meter view I could tell more easily as the 3 areas were all part
of the same rectangle.

e The graph view is very much similar to the skill meter. They only differ as the
graph has an axis. I found this view easier to interpret as there are results on both
sides of the y axis.

e The only problem with the skill meters was that it was difficult to know what
knowledge level I was in. This meant having to use other views such as the table
for this information.

e [ only used the table view towards the end when trying to get all my topics into
very high.

e The boxes view was useful to me, as it gave me a graphical view of my progress
as well as a textual description. This gave me much more information than the
graph view on its own and a clearer description of how I was progressing than the
skill meter. However, I did not find the boxes method useful for comparing my
progress to what the lecturer wanted.

e [The boxes view] provides quite an easy way to compare current knowledge level
to the expected ones, because it only contains a single colour tone rather than hav-
ing to compare the proportion of good knowledge.

e The ability of checking my own progress against the rest of the students gave me a
great deal of motivation, as I could actively view my rise in learning. Being quite
competitive in nature this aid gave me a greater incentive to achieve.

e [ found it reassuring to compare my results and see all students were struggling on
a topic, also on the flip side it made me work harder on subjects in which I was
below the average.



430 S. Bull and A. Mabbott

e Although I did prefer the skill meter view, the other views being available when I
wanted them was of great use, as when I wanted to show my peers my model they
could choose their favourite view to aid their understanding of my model.

e [ did not think comparing my knowledge against what the lecturer expected me to
know and to the knowledge of the rest of the group was helpful. When my knowl-
edge of a topic was low, I felt low in confidence.

3.3 Discussion

Over 13000 questions were answered and over 20000 learner model inspections were
made. It is perhaps not surprising that students viewed their learner model frequently
in OLMlets, as it was the only feedback available. However, it was not expected that
learners would make more model inspections than they answered questions, as oc-
curred in the 3™ year course. In that course students were sensitive to the contents of
their learner model, as it was assessed. Nevertheless, even in the other courses stu-
dents were keen to see their learner model updating after only a few questions, as
illustrated by the logs showing that only 11 of the 114 users answered 10 or more
questions on average, before viewing their model. Most were viewing it more fre-
quently, with the highest frequency (apart from the 3™ year course) being the course
in which there was an upcoming test. Not surprisingly students felt motivated to per-
form self-evaluation that could lead to a higher result in the test. As stated above,
learner model inspection was likely to be because students would otherwise have had
no indication of their progress. The key question is, then, was inspection of the learner
model made only because students would otherwise not receive feedback - i.e. is it
simply that some information is better than no information? The questionnaire re-
sponses from the 3" years suggest that students were indeed finding the learner model
useful - both for viewing one or more of the individual views, and the comparisons.
While in that course students were required to use OLMlets, use in the other courses -
particularly the two 1* year courses where the URL was simply given out in a lecture,
and the students had no particular interest in user/learner modelling - suggest that
OLMlets was considered a helpful support alongside a lecture course. It would be
interesting to see how use would compare if OLMlets was incorporated into an ITS.
Of the individual model views, the skill meter was the most commonly used, with
most having it as their preferred view. Although the skill meter is the first in the series
of links, and so more likely to be selected first, there was sufficient use of OLMlets
that students tried all views. None is presented as a default, and so users have to make
a choice about how to access their model. Skill meter usage provides hitherto lacking
justification for the incorporation of skill meters ITSs or hypermedia systems that use
this simple OLM format. Nevertheless, the graph was also used in combination with
other views by 52 students, and 58 of those who used the skill meter were also using
other views. Not all users had the skill meter as their first preference. Furthermore,
questionnaire comments revealed that some students used different views for different
purposes (e.g. to focus on their own knowledge and for comparison to the expecta-
tions; for a quick overview and to gauge knowledge level more precisely later). It is
therefore suggested that, while it seems skill meters are a good choice for a simple
OLM, additional views could be considered when designing the views of the OLM.
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For the 2 courses in which misconceptions were defined, many students did view
the misconception descriptions. In the 3" year course where the learner model was
assessed, the misconception inspections were higher as students had extrinsic motiva-
tion to ensure that their learner model was as good as they could get it. In 1" year
Circuit Analysis, the mean and median viewings of misconceptions were 5 and 8.5
respectively (range 1-27). It should be noted that misconceptions remain visible once
opened, until the learner hides them. Thus the actual attention paid to misconceptions
may be higher than the logs suggest. Although not necessarily useful to all learners, it
seems likely that there are sufficient who will use this information if it is available.

While some learners did not make use of the peer comparison view, most made
several comparisons. Higher use was in the course that assessed the learner model. It
is not clear whether this is higher simply because students used OLMlIets more fre-
quently, and so made the comparison more frequently, or whether they were really
concerned about obtaining an equal or higher mark than the rest of the group. It would
be interesting to pursue this question further. Several of the open-ended questionnaire
comments certainly suggested that some students were motivated by being able to see
their position in the group, and the fixed-response questions also suggested that stu-
dents generally found this comparison useful. However, there was one student who
found it demotivating to see that their knowledge was lower than that of other people.

The lecturer expectations view was used by many, most heavily in the course as-
sessing the learner model. Nevertheless, there were students in the other courses using
it. This may be because students find it useful to be able to make continued reference
to their developing knowledge with regard to a target such as an upcoming test, as this
provides external judgement rather than their own possibly inaccurate self-evaluation.

Where the learner model was assessed, there was higher use of the system and
viewing of the model. More interesting is that students in other courses used OLMlets
despite it not being directly assessed. Of course, the similarity of questions to the
upcoming assessment in one of the 1% year courses no doubt contributed to students'
motivation to use it. Nevertheless, it is unlikely that they would have continued if they
had perceived no benefit. It appears, then, that a simple OLM can be a useful resource
alongside a lecture course, even when not part of an ITS. However, our students are
computer-literate, so the generality of this finding needs to be investigated in other
course types, before recommendation for wider use of OLMIets can be made.

4 Summary

This paper has introduced OLMlets, a simple domain-independent open learner model
with multiple individual and comparison views. Use of OLMlets in 4 university
courses was described. Unlike with more detailed learner model information, where it
has been found that students have preferences for a range of views [6], with this sim-
ple OLM the skill meter view was the most commonly used, with the graph in second
place. It appears less critical, then, to provide a broad range of views if a simple for-
mat is used, and the growing use of skill meters in ITSs and educational hypermedia
seems justified. Nevertheless, some users did use other views in preference to, or in
combination with skill meters. Thus provision of a choice of view is still worthwhile.
It was also found that students viewed a comparison of their own knowledge level to
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their peers; and instructor expectations of their knowledge level at different stages of
the course. These features could therefore be usefully incorporated into systems.
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