Description of the data collection and data pre-proessing processes

Appendix for EDM’08 paper “ Mining the Student Assessment Data: Lessons Drawn
from a Small Scale Case StutgM. Pechenizkiy, T. Carders, E. Vasilyeva, P. D8ra)

We have studied different aspects of feedbackrtagoduring a series of experiments in
the form of eight online multiple-choice tests e Moodlelearning systefnorganized as
a complimentary yet integral part of courses (withditional in-class lectures and
instructions) at the Eindhoven University of Teclugy, the Netherlands during the
academic year 2007-2008.

In this work we report the results of the data-mgniof the most recent experiment
organized in the beginning of 2008 that was focusedhe analysis and comparison of
two feedback adaptation strategies: (1) first egptwas based on student’s response
correctness and response certitude, and (2) sestyategy was based on student’s
learning style, response correctness and respenstide.

73 students of Human-Computer Interaction (HCI) rseu participated in this
experiment. The subjects participated individuallythe tests for partial credit for the
course (i.e. as a partial exam).

Both the authoring and assessment modules of Mowdee changed for these
experiments. We increased the variety of feedbggoks;, the order and the way feedback
was presented. We also implemented two stratedietheo elaborated feedback (EF)
adaptation approach.

Before the tests (3 days in advance) the studesits asked to answer to the question of
Felder-Silverman’s index of LS quigfull quiz with 44 questions). Completing the LS
guestionnaire was not compulsory for the studdartsvever, 66 from 73 students have
passed the quiz.

The HCI test consisted of 15 multiple-choice quesi The questions were aimed at
assessing the knowledge of the concepts and treagewent of the necessary skills (like
understanding of the basic usability rules and lerols such as consistency, mapping
(between interface and real world), response tineblpm, etc.) (see Fig. 2 for example).
During the quiz design the teachers tried to inveobrrect yet also believable answers
and were taking into account typical mistakes sttelenake and misconceptions they may
have. It was estimated that the students shouldbasgeen 2 and 6 minutes for each
guestion depending on its difficuttyEach question was accompanied by the compulsory
response confidence question: “Please evaluate gertaninty about your answer (it
affects your score)”.

The test was taken simultaneously by all studehtheocourse in the same place. The
students used their own laptops and were not atldweise any kind of possible sources

! http://moodle.org/

2 For adaptive EF selection we presented automatitta#i most suitable type of EF, and with EF recomafagion we
marked different types of available EF with theeatain number of “stars” (0, 1 or 2 stars were hijtted depending
on the strength of the recommendation).

3 Felder, R.M. & Silverman, L.K.: Learning and teaxhstyles in engineering education, J. of EngimgeEducation,
78(7), 674-681 (1988)

4 Tests were reasonably difficult given the amountiofe to pass the test. In fact each question ara@me was
answered correctly only by 50% of students.



of information and communication tools. The teach&h 2 assistants was present in the
class to observe and to assist the students.

Short instructions about the number of the questinrthe test, the grading scheme, the
functionality of the system (including the posgties of requesting feedback and
providing their own comments) were given to thedstus before each test. The students
started each test simultaneously; time was limtted’O minutes. The students had to
answer the multiple-choice questions in a fixedeordifter answering a question (and
specifying the certainty of the answer according kiigh/low scale) the student could
either go directly to the next question or requssshe form of feedback (Fig. 1). During
the instructions before the tests the students wrttvated to read EF by promising that
the EF for some questions could possibly (but maessarily) contain hints for answering
some related questions later in the quiz.

The assessment procedure is repeated for conveniertice corresponding flow-charts

in Fig.1
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Figure 1. Assessment process in HCI test

After pressing “Get explanations” button the studesither got the EF automatically
and/or had a choice between the available typeEFofwith the highlighted level of
recommendations (see an example in Fig. 3). Adaptabf presentation and
recommendation of feedback varied between the iusstFor questions 1, 3, 5, 7, 9, 10,
13, 15 presentation and recommendation of EF wasdan student’'s learning styles
(active/reflective and sensual/intuitive dimensjon®sponse correctness and response
certitude. For the rest of the questions adaptatias performed based only on the
response correctness and certitude. For thosergtudtbo did not passed the LS quiz, EF
presentation/recommendation was based only on tegponse correctness and certitude
for the both groups of questions. EF adaptatioesrutere constructed based on the results



of our previous experimentsvhere we examined functions and effectivenestiftdrent
types of immediate EF with respect to the combamatdf the student’s response
correctness and certitude and learning styles.

Students were not provided with knowledge of (ccjreesponse (KR/KCR feedback)
separately, but they had to infer it from EF indté&case they were eager to do so). That
is the students had to read the explanations oEthé& understand whether their answer
was correct or not. The results of our previouseexpents suggested that it is beneficial
for the students to embed KR into EF to increasedberall effect of EF on learning
process during the assessment.

On the page with the EF (see the examples in Fi§),4he question and the possible
answers were also presented. Here, we also as&edutients to express their satisfaction
about the presented feedback. They could optioraiiywer to the questions whether
feedback was useful or not. Students could alsothie box requesting delayed feedback
(before proceeding to the next question) from thgepwhere EF was presented (see an
example in Fig.5).

For each type of EF it was specified whether itustidoe shown directly after the
answer or recommended and with which strength. sirength (and correspondingly the
order of placing) of each EF recommendation wasciipd. A question would not
necessarily have all types of EF (but all in tleistthad). The system detects the available
types of EF and presents/recommends them accotalitige rules. In our test each of the
guestions had two types of EF: theory-based anthpbeabased EF. Thus, this strength
parameter was important only for the strength efrdcommendation in this experiment.

During the adaptation two dimensions of learninglest were taken into account:
active/reflective and sensitive/intuitive. We chabese two dimensions based on the
results of our previous experiment as well as &distribution of the students within LS
dimensions (just a few students were with verbairiang style).

In total we implemented 72 adaptation rules foryges of EF (theory-based and
example-based). Examples of these rules are comgachmarized in Tablel. In the first
column, the two dimensions of LS are presented:ctifal[balanced][reflective]/
[sensitive] [balanced][intuitive]>.

For example, if a student haeflectiveandintuitive LS, and answereghcorrectly with
thehigh certainty (gave HCWRbhen according to the rules, the student woutéive the
EF directly after answering to the question. Themmged EF would be presented and
example-based EF would be strongly recommended.(***

In the test, for each question, after examiningfdeelback, students had a possibility to
specify the usefulness of the each kind of the &dFtggpe their comments (if any) about

5 The corresponding results will shortly appearhia following publications:

Vasilyeva, E., De Bra, P., Pechenizkiy, M., Puurgrte. Tailoring feedback in online assessmentuéarfte
of learning styles on the feedback preferencesetadtbrated feedback effectiveness, (to appeaBrioc. of
Int. Conf. on Advance Learning TechnolodiE3ALT’08), 2008, IEEE CS Press.

Vasilyeva, E., Pechenizkiy, M., De Bra, P. Tailgriof feedback in web-based learning: the role spoase
certitude in the assessment, (short paperPtac. of Int. Conf. Intelligent Tutoring Syste(iES’'08), 2008,
LNCS, Springer.

Vasilyeva, E., Pechenizkiy, M., De Bra, P.. Adaiptabf Elaborated Feedback in e-Learning, (to appiea
Proc. of 5th Int. Conf. on Adaptive Hypermedia akathptive Web-Based Syste(d$1'08), 2008, LNCS,
Springer.



the question and the explanations using the sephedd made available for this purpose.

Table 1 — The base for adaptation rules

LS HCCR LCCR LCWR HCWR

Show:|Recom Show:| Recommend{ Show: | Recommend] Show: | Recommend:
mend:
NO L/S - - - Theory (*) | Theory | Example (*)[ Theory Example (***
Example (*)

Active/ - - - Example(**) [ Examplg Theory(*) | Examplg Theory (**)

Balanced

Reflective/ - |TheoryTheory Example(*) | Theory| Example (**] Theory | Example(***)

Balanced *

Balanced/ - - - Example(**) [ Exampldg - Example] Theory(**)

Sensitive

Balanced/ - - - Theory(**) Theory - Theory Example(**)

Intuitive

Active/ - - - Example(**) | Example - Examplé Theory(**)

Sensitive

Active/ - - - Theory (**), Theory Example (*) Theory Example (**)

Intuitive Example(*)

Reflective/ - Examp - Example (**) | Example Theory (**) Example Theory

Sensitive e (* Theory (*) (***)

Reflective/ - Theory| Theory] Example (*) Theory - Theory Example (***)

Intuitive (*)

Balanced/ - Theory(*) Theory Example (*) Theory Example (**)

Balanced Example (*)

Data preparation. Collected data has been transformed from tralsedt multi-
relational presentation into different views foe ttorresponding DM tasks.

Since our data is not sparse in the sense thatstadbnt answered each question in the
test, for performing classification and clusterimg transformed the data into the
73 x (15+15+...+ 15 + extra non-question specifidlaites) format, thus obtaining a very
modest in size dataset with 73 rows each correspgrid a full record of one particular
student taking the test of 15 questions. Howeuteshould be noticed that many of the
attributes in this dataset are redundant or higllyelated as within groups (e.g. due to
the correlations between the questions) as acroessgtoups due to the inherent
redundancy (e.g. grade is identified by correctnemsd certainty; feedback
adaptation/recommendation is defined by the setles which use response correctness
and certainty and learning styles). For associasinalysis tasks where questions were
“allowed” to be independent we kept the transactigmesentation of the data.

In order to reduce data numerosity, time-relategtibmck numerical attributes have
been transformed into categorical attributes walugs fiot_seen, seen, readsimilarly,
grade, and LS-related attributes were also categpbri

Some additional attributes have been constructemtder to reduce dimensionality of
data for particular mining tasks. Thus, total gradteibute with valuesdassed, middle,
failed} was constructed to provide labeling informatioitharespect to the success of each
student. Similarly, each question was categorizél vegard to a particular adaptation
strategy used for tailoring feedback.
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seconds before the mouse peinter changes into ene with heurglass to indicate the
program is loading.

r  d. When | turn on my monitor it takes several seconds before an image appears.
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Figure 3. Example of the choice of available typesf EF



Fig. 4. Example of theory-based EF

Fig. 5. Example of example-based EF, possibilities
of choosing another available EF and providing theommends



