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Effectively targeting a heterogeneous student population is a
common challenge in academic courses. Most traditional learn-
ing material targets the “average student,” and is suboptimal
for students who lack certain prior knowledge, or students who
have already attained some of the course objectives. Student-
activating learning material supports effective training. Adap-
tive systems may help to support learning for a heterogeneous
group of students. Development of adaptive learning material,
however, is usually a complex task not easily done by the aver-
age lecturer. An adaptive tutoring system is therefore designed
that requires little knowledge and skills from lecturers: Proteus.
Proteus provides adaptive navigation on a micro scale based on
a set of closed questions. The questions are used both to mea-
sure, as well as to stimulate student progress. Entering ques-
tions in Proteus requires little effort from lecturers. Proteus is
tested and evaluated in a Bachelor of Science (BSc) course
with 91 students and is received very well.

Many academic courses are attended by a heterogeneous group of stu-
dents. Students who attend a course might follow different studies, have
attended different courses in the past, have attended different versions of the
same course, at different universities, or even in different countries in dif-
ferent languages. Students, furthermore, may have poor skills, or may have
exceptional skills. A common problem is to set up the education in such a
way that all students are effectively and individually addressed, including
students who lack some prerequisite knowledge and students who already
have attained some of the course objectives.
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The usual approach to target such a heterogeneous student population is
to start at the “average” student level. For students who have already
attained the learning objectives of the initial lectures this will be boring. For
students who lack some of the course’s prerequisites this will be difficult:
they need to identify the gap between their knowledge and the lecture con-
tent themselves, and bridge the gap by means of self-study. Finding the right
information without guidance, however, is not straightforward, and time
consuming for learners (Pivec & Baumann, 2004). The prior knowledge and
skills of the students should be determined both with respect to prerequisites
as well as with respect to the learning objectives of the course. Students
should then be individually trained in those areas of the prerequisites and
learning objectives where training is found to be required.

At Wageningen University, the Bachelor of Science (BSc) course “Intro-
duction to Process Engineering” is attended by a heterogeneous student pop-
ulation. The course is taken by students in Biotechnology and students in
Food Science and Technology, who have an otherwise rather different cur-
riculum. About half of the students, furthermore, have their previous educa-
tion in a different country, with a different educational system, in a different
language, and with a very different learning culture.

Adaptive systems may provide the means to address such a heterogeneous
student population: “Adaptive systems cater information to the user and may
guide the user in the information space to present the most relevant material,
taking into account a model of the users goals, interests and preferences”
(Brusilovsky, Eklund, & Schwarz, 1998). Development of adaptive learning
material, however, is often time consuming and requires specific knowledge
and high-level skills from the author (Brusilovsky et al., 1998; De Bra &
Ruiter, 2001; Dagger, Wade, & Conlan, 2005; Armani, 2005). This makes
adaptive systems poorly accessible for lecturers outside computer science.

Requirements for a Lecturer-Friendly Adaptive System

Several authors have stressed the deep conceptual gap between authoring
systems and authors (Mizoguchi & Bourdeau, 2000; Aroyo & Mizoguchi,
2004). A lecturer-friendly learning system should use concepts that match
the intuition of the lecturers and require little effort for effective use (Mur-
ray, 1999). For adaptive systems, usability is mostly determined by the type
of adaptive rules, the perceived complexity of the system, and the type of
information required by the adaptive rules. Perceived complexity is the com-
plexity of the system as far as the lecturer needs to understand it to effec-
tively use the system. However, there is a design trade-off: increasing the
usability of a tutoring system comes at a cost. Murray listed a design trade-
off space for authoring of learning systems, based on breadth, depth, learn-
ability, productivity, fidelity, and cost. In lecturer-friendly adaptive system,
authoring learnability and productivity are the most important requirements.
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An adaptive system in education has a model of the student called a stu-
dent model, and a model of the taught domain called the domain model. An
adaptive system can, furthermore, assemble content (adaptive presentation),
or can select links between content (adaptive navigation; Brusilovsky,
2001). Adaptive presentation requires specially crafted content. This content
is usually built from small blocks, called fragments, that have meta data
defining their relations. The adaptive system uses the student model and the
meta data to assemble the presented content from fragments. Adaptive pre-
sentation systems are for example C-Book (Kay & Kummerfeld, 1994) and
216770 (Calvi & De Bra, 1997). Adaptive navigation, however, does not
require content built from fragments or meta data of fragments. Although
many adaptive navigation systems use the electronic book metaphor, adap-
tive navigation has little requirements for the content. Adaptive navigation
systems are for example Interbook (Bruzilowski, Eklund, & Schwarz,
1997), and Dynamic Course Generation ([DCG], Vassileva, 1997).

The type of adaptive rules may contribute to the perceived complexity. In
some adaptive systems the lecturer should provide specific instructions for
each update of the student model, using a special purpose specification lan-
guage (De Bra, Aerts, Smits, & Stash, 2002; Esposito, Licchelli, & Semer-
aro, 2004). This allows very detailed and customizable updates, but requires
understanding of this specification language by the lecturer. Other adaptive
systems use rules based on statistical theory, such as rules based on Bayesian
statistics (Henze & Nejdl, 1999; Conati, Gertner, & Van Lehn, 2002) that
require the lecturer to build a Bayesian network.

Requirements for Training

To achieve training, there are two requirements. First, during the time
spent in the system, the student’s mental model should improve for each
learning objective that the student did not yet fully attain. Second, after a
student has finished a module (a collection of learning objectives and corre-
sponding learning material), the student’s mental model should be on a sat-
isfactory level for each learning objective.

To support the learning process effectively, and improve retention and
retrieval of knowledge, student-activating learning material should be used
(Anderson, 1995). Student activation is for example achieved if students
have to give answers in order to proceed through the learning material. If
closed questions are used, a computer may effectively interact with the stu-
dent to support the learning further.

In competency oriented education students will almost always touch upon
several learning objectives at the same time. The closed questions are thus
likely to activate students along more than one learning-objective dimension.
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Design Outline

In this article we describe the design of Proteus, an adaptive system that
requires little effort and knowledge from the lecturers. Proteus provides adaptive
navigation on a micro scale through a set of closed questions. Answers to these
closed questions provide explicit knowledge to Proteus. The knowledge is
explicit, because it is obtained by direct questioning of the student, as opposed
to implicit knowledge that could be obtained while observing the actions of a
student while learning (Brusilovsky, 1994). Usage of explicit knowledge to
update the student model reduces the uncertainty in the student model (Beau-
mont & Brusilovsky, 1995). The questions in Proteus activate the student and
stimulate the development of the student’s mental model. Proteus selects ques-
tions such that students will be trained individually in specific areas where train-
ing is found to be necessary. Proteus requires only little meta data for each ques-
tion. The required meta data are defined using concepts that are intuitive for lec-
turers. Proteus is used and evaluated in Bio-Process Engineering education.

TYPICAL STUDENT SESSION

In this section, a typical session of a student interacting with Proteus is
described. Proteus is used to implement the module “Introduction to cell
growth kinetics,” which introduces theory to describe cell growth in biore-
actors (see http://www.fbt.wur.nl/, follow “Content Showcase,” and choose
“Introduction to cell growth”). This module:

1. introduces each student to all learning objectives and their context;
2. tests each student on the learning objectives;
3. raises awareness of insufficiencies wherever the student’s knowl-
edge is lacking; and
4. trains each student individually in those areas in which they lack
knowledge:
* the student gets feedback on his/her answer, with an explanation
why the answer is correct or incorrect,
* the students will get more questions in these specific areas,
« the student is guided through the relevant parts of the book, the
handout or the online library, and
* the student is stimulated to study this material.

After starting the module “Introduction to cell growth kinetics,” the stu-
dent is informed that he/she has to acquire a certain number of points to fin-
ish the module. The student is not informed about the adaptive behavior of
the module. An overview of the theory is then presented with two short
movies about a bioreactor with cells and substrate. The movies show the stu-
dent the relevance of the theory.



Proteus: A Lecturer-Friendly Adaptive Tutoring System 537

When the student has viewed these movies, he is confronted with a choice
between a “small step,” “medium step” or a “big step.” These choices lead to
questions in which students may gain a few, medium or many points. The stu-
dent makes a selection according to his level of confidence, and a page is pre-
sented with a question, for example a multiple choice question, its options and
a submit button (Figure 1). On the top of the page students see how many points
they may maximally obtain from this question, and how many points are still
needed to finish the module. On the right hand side there is a navigation area.
The navigation area allows the students to switch to a different question, or to
watch the introduction movies again. On the bottom of the page there is a link
to the theory in the lecture notes or the book that is relevant for this question.

After submitting an answer, the student receives feedback whether his
answer was correct or not (Figure 1). If not, the student will get feedback

Introduction to cell growth

Navigation
Answer question

o Home

o Finish

You already have 135 points, this question can give you maximum 7 points, you need 64 points. | | Librar
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In a typical batch cultivation, there is a lot of substrate at the beginning. The cells grow exponentially, and
suddenly the substrate is depleted and growth stops. Which line in the above graph represents the specific
growth rate for such a cultivation?

¢ Line A (blue)
¢ Line B (red)
¢ Line C (purple)
@ Line D (yellow)

No, the cells grow at maximum speed in the beginning of the batch. Later on, the speed decreases (when substrate
is depleted)

o Watch the intro movie on cell growth again.
« The specific growth rate is the growth rate per cell.

Answer

See also:

@ Lecture notes Introduction to Process Engineering 2004 - paragraph 11.8.1

Figure 1. A typical question in the “Introduction to cell growth” module.
The student’s answer is wrong, and the figure shows the feed-
back on this answer.
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why this answer was not correct and one or more appropriate hints. The
feedback and hints contain hyperlinks to online available theory. The num-
ber of hints is increased if the student needs more tries to answer a question.
If the answer is correct, the student receives feedback explaining why this
answer was indeed the correct answer, and a link that leads to the choice for
the next question: small step, medium step, or big step.

After following one of these links, the adaptive system selects the most
appropriate question, and this question is presented. The number of points
the student still needs to acquire is now changed. If the students answered
the previous question immediately correct, they acquired the maximum
number of points. If students needed more tries, they acquired fewer points,
or even lost points.

TYPICAL LECTURER SESSION

When adding questions to Proteus, information about these questions has
to be provided by the lecturer. The information has to be provided in terms
of “levels” for “learning objectives,” further described under “Student and
Domain modeling.” To create an adaptive module, the lecturer first enters
the learning objectives for this module. The term “Learning objective” is
used in a fine-grained definition: each concept or relation that is to be
learned by the students is considered a separate learning objective. The gran-
ularity can be compared to a book; each paragraph in a book would then cor-
respond to a separate learning objective. It should be possible, furthermore,
to design questions that test and train each learning objective individually.
Eventually, after questions have been entered in the system, the precise def-
inition of each learning objective is given by the questions that address that
learning objective.

The lecturer has to assign a “target level” for each of these learning objec-
tives (Figure 2). Students have finished the module when their student level
is at least equal to this target level. The target level should correspond with
the expected student effort necessary to attain this learning objective. Learn-
ing objectives that require more student effort should get a higher target
level, and vice versa.

After the learning objectives have been defined in Proteus, questions are
added. To add a question, the lecturer selects the learning objectives that are
relevant for this question. For each of those learning objectives, a “prereq-
uisite level” may be set for this question (Figure 3). The prerequisite level is
the minimal level the student should have for this learning objective before
this question may be presented to this student. The question, furthermore,
should have “exit levels” for at least one learning objective. The exit level
defines which level students may reach by answering this question correct-
ly. An exit level higher than the target level of a learning objective thus
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Learning objective targets for module
"Introduction to cell growth kinetics"

Learning Objective | Targetlevel | Action |
‘True biomass yield Yxs 20 | Remove | | Edit objective

’Volumetn‘c biomass growth r [16

[ Remove | [ Edit objective |

“ Remove | | Edit objective |

|
‘Observed biomass yield Yxs°®® “10 |
|

‘Maintenance coefficientms (10

[ Remove | [ Edit objective |

“ Behaviour of p in batch ~| | Add objective

Figure 2. Choosing learning objectives and defining “Target levels”

means that a student may finish this learning objective by answering the
question correctly.

After the lecturer has entered prerequisite levels and exit levels, Proteus
shows information how this question is placed relative to other questions. The
interface shows the number of “introductory” questions and the number of
“follow up” questions (Figure 3). The introductory questions are introductory
relative to the present question because they have an exit level that at least

Prerequisite and exit levels for question
CSTR substrate balance

Learning objective | Prerequisite level m
CSTRcultivation 5 | 15 | Remove || Edit |

Target level 35 :
Total questions 28 Introductory questions 3 - 9
Follow up questions 9- 14

] [

‘ Follow up questions 3

| 5o

Select additional learning objective

lTrue Biomass Yield on Substrate Yxs ~|| Add objective

Figure 3. The prerequisite and exit levels for a question in the lecturer inter-
face. One prerequisite, and two exit levels have been defined.

Substrate balance
Target level 10
Total questions 7

| Remove || Edit |
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equals the prerequisite level of this question. At least one of the introductory
questions has to be answered by a student before the present question can be
answered. Follow up questions are questions that the student may continue
with after the present question is answered, because they have a prerequisite
level between the prerequisite and the exit level of the present question. The
number of introductory and follow up questions give an indication how much
choice Proteus has to select the optimal question for a student. Numbers below
three are shown in red to warn the lecturer there is little choice.

STUDENT AND DOMAIN MODELING

This section describes the design of the models and rules that form the
adaptive system. There is no need for lecturers who want to use Proteus to
know the details described in this section. As described in the previous sec-
tion, Proteus uses learning objectives for both the student model and the
domain model. A learning objective is an everyday concept for lecturers.
Each learning objective o in a module has a target level T, defined (Figure
4a). The target level is the level the student should obtain to finish the mod-
ule, and should correspond with the expected student effort necessary to
attain this learning objective.

Together, the learning objectives for the module form an n-dimensional
knowledge space, where 7 is the number of learning objectives. Each student
s has a level for each of these learning objectives o: L, ; (Figure 4a). In order
to finish the module, a student has to cover the complete knowledge space,
and thus attain the target level 7, for each learning objective. A model in

__]; —
LT -
— 1’; —
man . — || By |
‘ —— Lo,s ’ Eo.q —
M _La,s _Los = 1
> —L > | =B
3 0,8 ,S q | B,q
T 2 3 4 5 1 2 Baz™ 7
a Learning objectives (0) —> b Learning objectives (0) —>

Figure 4. A five dimensional knowledge space. In figure a each learning
objective has a target level T, defined. The current student level
L, ¢ for one student is shown for each objective. In figure b a ques-
tion is shown. This question has a prerequisite level P, , defined
for learning objective 1, 2 and 4, and has an exit level £, , defined
for learning objective 2 and 4.
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which the student model evolves to the domain model is called an “overlay
model” (Brusilovsky, 1994). A student raises his level for a learning objec-
tive by answering questions about that learning objective.

Each prerequisite level P, , that is defined for a question defines which
level the student minimally needs before this question can be answered (Fig-
ure 4b). The student should meet all prerequisite levels defined for the ques-
tion. For each learning objective that is addressed by a question, the exit level
E, , defines to which level the student level may maximally be increased if
the question is answered correctly (Figure 4b). A question can thus be depict-
ed as a vector in the knowledge space, with a minimal starting point defined
by the prerequisite levels, and a maximal end point defined by the exit levels.

When a student answers a question correctly, he/she may increase one or
more of his/her student levels, and thus extend his/her covered knowledge
space (Figure 5). When one or more of his student levels are increased, the
student in general will have access to questions that previously had a too
high prerequisite level. These questions may be answered in their turn to fur-
ther extend the covered knowledge space. Students keep answering ques-
tions until they have covered the complete knowledge space (i.e., have
attained all target levels).

ADAPTIVE RULES: UPDATING THE STUDENT MODEL, AND
SELECTING QUESTIONS

To describe the adaptive rules, some definitions are used as outlined in
Table 1.

Question choice Most appropriate
Big/Medium/Small questions are selected
it

A

Question is
presented

v

i
Student submits | Yes |Student model| |
answer is updated

Feedback Noy
is presented

Finished |

Figure 5. The flow of actions in Proteus, the gray area involves student
interaction
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Table 1
Symbols and Their Identifiers,
o for Learning Objective, s for Studentand ¢ for Question

Name Symbol Indices Comment

o|s|q
Student level L # | # updated by system after correct answer
Number of tries N # | # set after student s answered question g correctly
Prerequisite level P # # defined by lecturer, default zero
Exit level E # # defined by lecturer, default zero
Target level T # defined by lecturer

Updating the Student Model

After student s answered question g correctly in N, tries, the student
model is updated. The student level L, for student s is updated for those
learning objective o where question ¢ has an exit level £, , defined. The new
student level L, ,,, is calculated with the update function:

Lo,s,post = maX(Lo,sprior ’Eo,q )_flu,q,s ?ro,q
in which L, ; ,.;,,.is the student level prior to the update, and r,, , is the
range defined by:

Tog= Ea,q— Po,q

and in which 11, .  is a factor between 0 (1 try) and 1 (oo tries) defined by:
fogs= NIg,—1

Nv,q +ﬂo,q,s
Lo.s,prior
S
—~—
2\ A / y 3
‘ \\ Lo s prior [
& “Logpos 2 T Lo §
i Loo——— 3 2
Py o,5,prior e B, By o
T T T T T T T T T T T T T T T T T
a Mq——> b M,q_—) c ]\éqH

Figure 6. The behavior of the update function that calculates the new student
level L, ; . as function of the number of tries N, , for three situa-
tions. In a, the student level L, , ., equals the question prerequisite
level P, . In b, the student level L, . is close to the question exit
level £, . In ¢, the student level L, ; .., is higher then the question
exit level E, ;. The left part of each graph is most relevant because
questions are usually answered in 1 to 3 tries.
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in which /2, ,  is the confidence support term between 0 and 7, ;, defined by:

0,9
ﬂn,q,s = min Eo,q’ Lo,s,prior) - Pn,q

L

maX(Lv Eo,q’ - o,s,prior)
One additional definition is used to describe the update function. For a

given student s and question g, the training potential d is defined as:
o) max(0, £, ,— L, )

5,q =

o
which translates to “how much student s may maximally gain by answering
question ¢.”

The behavior of the update function can be seen in Figure 6. The function
has five important characteristics.

First, the difference between the minimum and the maximum level that
the update function may return equals r, .. If 7, , is small, a student can thus
neither gain nor loose many points. This is relevant if a question has exit lev-
els for more than one learning objective, and one of these the exit levels is
only slightly higher then the corresponding prerequisite level. For that learn-
ing objective, r,, , is small, and thus the new student level will be close to the
current student level.

Second, because factor f7 is a reciprocal function in the number of tries,
the new student level L, ; ., is mostly affected if the question was answered
immediately correct or in multiple tries (Figure 6). Whether the question
was, for example, answered in two, three or more tries has a much smaller
effect on the new student level.

Third, the scale on which all levels are defined does not affect the adap-
tive behavior. The function is proportional to the defined levels. The relative
effect of the functions is the same if, for example, all levels are defined on a
scale 0-10 or on a scale 0-1000. The lecturer is thus free to choose the scale,
as long as all levels are chosen on the same scale.

Fourth, the decision whether or not to split up a learning objective in two
separate learning objectives does not affect the adaptive behavior. For ques-
tions with an equal training potential &, the sum of the changes in student lev-
els will be equal. For example, two questions with a training potential & of 15,
one that addresses two learning objectives with exit levels 10 and 5 and no pre-
requisites, and one that addresses a single learning objective with exit level 15
and no prerequisites, will have the same increase in the sum of the student lev-
els for the same number of tries. The lecturer is thus free to split up learning
objectives with multiple components into separate learning objectives.

Last, to stimulate student confidence, the effect of the number of tries on
the new student level is decreased if the student’s prior level is closer to the
exit level, because the student confidence term /2 is higher for a higher prior
level. When answering the same question in the same number of tries a stu-
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dent with a higher prior level will thus get a higher student level than a stu-
dent with a lower prior level (Figure 6a and 6b). To get their student level up
to the exit level, however, they need to answer the question immediately cor-
rectly. If the student level was already higher then the exit level, furthermore,
the student level will also not drop too far down if the question is answered
in multiple tries (Figure 6¢). If, for example, a student would answer four
subsequent questions that each have an exit level of 10 for the same learning
objective and no prerequisites, and if he/she would finish each question in
two tries, his student level for that learning objective will first increase from
0 to 5, at the second question from 5 to 7, at the third question from 7 to 8,
and at the fourth question his level will remain at 8. To get to the exit level of
10 the student needs to answer one of these questions immediately correct.

Selecting Questions

Some additional definitions are used to describe the question selection
rules. For a given student s and learning objective o, the relative training gap
@ 1is defined as:

(po,s = To —Lo,s ifLo,s < To
T

o

which translates to “relatively how much of learning objective o still has to
be obtained by student s.” If @, =1, student s has no points on learning
objective o, if @, =0, student s has finished learning objective o.

A question ¢ is furthermore said to address learning objective o if £, , is
defined. A question may address multiple learning objectives. The main
learning objective mo for question ¢ is therefore defined as the learning

objective o with the largest range r,, ,.

A student uses the questions to extend his covered knowledge space until
he has attained the target level for all learning objectives. This defines which
questions are appropriate at any given moment. For a student s, all questions
q are eligible for which:

1. for all learning objectives o0: L, =P, ,

0,5 =
2. for at least one learning objective o: L, < E, ,

The first requirement means that the student should meet all prerequisite
levels defined for that question. The second requirement means that at least
one exit level should be higher than the student level, it should thus be pos-
sible for the student to gain a few points. It is possible, furthermore, that a
second exit level for a different learning objective exists that is lower than
the corresponding student level.

The set of questions that match these described criteria for each student
is often quite large. A number of additional selection filters is therefore
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defined, and applied in the listed order. Each filter returns a subset of the
previous set. If a filter returns an empty subset, the filter is not executed.

1. The last question ¢ that was answered by student s is removed from
the set.

2. All questions that have already been answered by student s are
removed from the set. Only new questions remain.

3. All questions that address the same learning objectives as the most
recently answered question of student s are removed from the set.

4. For each question ¢ the relative training gap @, ; for its main learn-
ing objective mo is calculated. All questions for which @, is
smaller then 50% of the maximum found @,, , are removed from
the set. Only questions that have a main learning objective that is
relatively far from finished remain.

5. All questions that are the last question of any student are removed
from the set. Only questions that are not the last question of any stu-
dent remain.

6. If multiple questions remain in the selection, multiple choices may
be presented to the student. The question with the largest training
potential d is presented as “big step.” The question with the lowest
training potential O is presented as “small step.” If a third question
is available that has a training potential d within 25% of the middle
between the largest and the lowest training potential & it is present-
ed as “medium step.”

Filters 1 — 3 provide variation in subsequent questions for the student. Filters
1 and 2 address questions that have been answered by the student, and filter 3
addresses learning objectives that have been dealt with recently by the student.
Filter 2 seems to obsolete filter 1, but filter 2 might return an empty set, which
means it is not executed. Filter 1 is thus relevant if filter 2 returns an empty set.
Filter 4 provides variation in the long term. Filter 4 avoids the situation
that a student ends up with a number of small learning objectives that are
finished, and a single large learning objective that is far from finished, caus-
ing many subsequent questions that address a single learning objective.
Filter 5 provides variations in questions among multiple students. If a
group of students is working on the module in the same room, and they all
get the same question, there is a chance that only few students answer the
question themselves, while other students copy that answer. If all students get
different questions, students cannot copy the answer. Also filter 5 seems to
obsolete filter 1. However, filter 1 is relevant if filter 5 returns an empty set.
Filter 6 stimulates student confidence. Students are given some control over
the question selection. This choice gives students who have little confidence the
possibility to take small steps, and gives students who have more confidence
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EEINT3

the possibility to proceed with large steps. Initially the labels “easy,” “medi-
um,” and “difficult” were used, after the evaluation these have been changed.

The result of these filters is that different students proceed through the
total set of questions with very different paths (Figure 7).

Question Development

Questions are the means for both measuring the progress of the students
to update the student model as well as stimulating the progress of the stu-
dents. The student model is only a satisfactory representation of the stu-
dents’ mental model if the questions have measured the progress for all
learning objectives well. Careful design of these questions is thus important.

Measuring Student Progress

The ideal question to measure student progress would be answered imme-
diately correct by all students who have attained the exit levels defined for
this question. In reality questions are never ideal, but there should be a good
match between the question content and the levels defined for the question.
If the prerequisites are met, the number of tries should only depend on the
learning objectives that have exit levels defined. The number of tries should
not be affected by other learning objective. The question should, furthermore,
not have any prerequisite learning objectives other than defined by the pre-
requisite levels. Lack of modularity in the design of questions is thus a risk.
Although these requirements may sound very obvious, in reality it occurs that

questions have implicit learning

objectives that have been over-
N looked by the author. For example,
T XT f students could all fail a question

that targets the learning objective
“exponential growth,” because the
author assumed students knew how

Z J to solve a differential equation. If it
1 is known that many students have
problems solving differential equa-
tions, either there should be a learn-
ing objective “solving differential
T equations” in Proteus, which
a b should be the prerequisite for the

Level —

S

question  about  “exponential
Figure 7. Prerequisite and exit levels  growth,” or the question should be
of eight questions, projected on a sin- redesigned such that it can be
gle learning objective. Students a and  answered without knowledge of
b extend their knowledge space with  differential equations.

different questions
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Stimulating Student Progress

There are several reasons why the system stimulates student progress,
ranging from the adaptive behavior of Proteus to the content of individual
questions. Closed questions can be activating learning material; to proceed
through the learning material, students actively have to answer the ques-
tions. Elaboration or practice is found to improve retention of knowledge
(Anderson, 1995).

An often mentioned drawback of closed questions is that they may tempt
students to guess the answer. However, Proteus discourages wild guesses. Ini-
tially students may gain a few points when answering a question with multi-
ple tries. If the current student level is close to the exit level of a question,
however, the student level will not change, or even decrease when answering
that question with multiple tries. Students will quickly find that they will not
acquire the required points if they need multiple tries for subsequent ques-
tions. This will stimulate students to invest time in learning the theory and in
careful reasoning instead of answering the question by trial and error.

The questions themselves are annotated with links to relevant paragraphs
in the book and the lecture notes, as well as hyperlinks to online theory. This
allows students to access the theory with very little effort. The theory is thus
directly accessible for the student. The application of just-in-time informa-
tion presentation in the adaptive system reduces extraneous cognitive load
(Kester, Kirschner, van Merriénboer, & Baumer, 2001).

All questions provide feedback on the students’ answer, to assist the stu-
dent in restructuring his knowledge (Kulhavy, 1989). Lack of modularity in
the question design may reduce the effectiveness of the feedback. The feed-
back is designed following the recommendations of Narciss and Huth
(2002). If students answer the question correctly, feedback is provided to
show why this answer is indeed correct, providing both verification and
elaboration. If students answer the question incorrectly, specific feedback is
provided that explains why this particular answer is incorrect, again provid-
ing verification and elaboration, and hints are provided how to approach the
question, providing elaboration. The hints are adjusted with the number of
tries a student needs to answer the question. The more wrong answers, the
more hints are given, and the more specific and concrete the hints will be.
To avoid students losing confidence, most questions will, in the end, show
the correct answer. Some lecturers might worry this can be abused by stu-
dents, however, if a student needs a large number of tries, Proteus will not
increase his student levels up to the exit levels defined for the question.

Usage and Evaluation

A module “Introduction to cell growth kinetics” was developed in Pro-
teus. This module corresponds to eight hours of study load for students,
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which includes for example reading the lecture notes, and exam preparation.
Thirteen (13) learning objectives were defined in Proteus. The learning
objectives had target levels ranging from six for the smallest and easiest
learning objective until 35 for the largest and most difficult learning objec-
tive. Proteus was filled with 96 closed questions with feedback. Once creat-
ed, Proteus needs prerequisite and exit levels for each question. Adding all
96 questions to Proteus was completed within four hours.

The module was used twice in the course “Introduction to Process Engi-
neering.” The first time this course was taken by 91 students, of which 63% in
Biotechnology and 37% in Food Science and Technology in the second year
of the BSc program. Of these students, 40% had their prior education in The
Netherlands, and 60% in other countries; predominantly in China. The second
time the course was taken by 52 students with a comparable distribution.

The module was introduced in a computer lab, where students could start
the module. Two assistants were available to solve technical or organiza-
tional problems. Apart from creating a few accounts, no problems were
reported. Students were asked to finish the module without assistance with-
in five days, after which the lectures about cell growth kinetics would start.
Students were told the module was finished after they acquired all points,
and that this would cost them three to six hours. Students were not told that
the number of tries affected the acquisition of points. Students were not
introduced to the adaptive behavior either. Students were asked to complete
a questionnaire immediately after finishing the module. Proteus was, fur-
thermore, configured to track all student actions, student answers, and
changes to the student model.

ANALYSIS AND DISCUSSION

Observations and Tracking Data

The assistants observed that most students started the module without
using the lecture notes. After the first or second question where students
needed multiple tries, students realized that this precluded a maximum
score, and started studying the lecture notes if they were unsure whether or
not their answer was correct.

Analysis of tracking data shows that different students proceeded in very
different ways through the module. Students needed on average 51+14 ques-
tions to finish the module, with a standard deviation of 14 questions. The
quickest student needed 2h for 17 questions, the slowest 10h for 82 ques-
tions. It took students on average 3.6+1.6 hours to finish the module. Assis-
tants observed in 2004 that a group of 20 students in Biotechnology with a
Dutch prior education proceeded very quickly through the module. The
mean number of questions this group of students needed was 46. T-test
analysis of the data, however, shows that this mean is not significantly dif-
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ferent from the mean number of questions the rest of the 2004 students need-
ed (p=0.22). The expected heterogeneity between different groups is thus
smaller then the individual variation between students.

During working lectures following this module, the lecturer observed that
students had fewer problems with introductory theory as compared to previ-
ous years without the module. All students now had a good understanding of
the basic theory.

Questionnaire

The questionnaire was answered by 82 students in 2004 and 50 students
in 2005 and started with an open question that asked for the students’ gen-
eral opinion. Students were very positive about the module. Some examples
are shown:

“I think it is a very good way to digest the matter. Even I am on schedule now!”

“I think the program is useful, this way you work actively on the subject. I
also think it is effective to have negative scores, because if you are not so
eager anymore you would otherwise speculate (which is now more difficult).
A good approach thus!”

“We are addressed in a negative way. It is unpleasant that we only see how
many points we still need. It is probably useful, but not pleasant.”

“I reckon it to be quite a good method to get to understand the theory, main-
ly because it's an active learning process, opposed to just reading lecture
notes, which I find quite passive.”

“I think it's forcing to read the reader and to understand it. That's very positive.”

Further analysis of the answers on the open question can be found in
Table 2.

Overall, the open question answers give a very positive evaluation of the
adaptive module from the perspective of the students in this heterogeneous
group. This is confirmed by closed questions, as described next. The
answers, however, show various possibilities for improvement.

In 2004, 15% of the students referred to the difficulty of the questions, of
which 12% was a negative comment. Several students complained the questions
were too difficult. Questions should only be presented when students have
acquired the prerequisites. So either the adaptive behavior did not work for these
students, or the prerequisite levels for these questions were not set well, or the
prior knowledge of these students did not even meet the initial requirements for
the module. Students mostly complained that the “easy,” or “medium” option in
the module sometimes presented a question that was very difficult in their per-
ception. Because these labels correspond to the training potential B, the same
question that is initially presented as “difficult” might at a later stage become
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Table 2
Analysis of the Open Question Answers, What Percentage of the Answers
Mentioned a Certain Category, and if it was a
Positive (+) or Negative (-) Remark

Category 2004 (n=82) 2005 (n=50
mentioned | + | - | mentioned | +

Useful 51 51 |0 54 52 |2
Understanding of learning objectives 31 31 |10 13 13 |0
Total module, nothing further specified 25 23 | 2 10 10 (0
Active learning 20 20 | 0 8 8 |0
Question difficulty 15 3 |12 4 2 |2
Duration of the module 14 2 |12 15 0 |16
Concept of points 10 5 5 6 6 |0
Points gaining mechanism 7 0 7 6 0 |6
Accessibility of the learning material 3 3 0 4 4 |0
Guidance and structuring 3 3 0 10 10 |0
Order of questions 3 0 3 2 0 |2

“medium” or even “easy.” The labels have therefore been changed to “big step,”
“medium step,” and “small step” after the evaluation in 2004.

About 12% of the students in 2004 and 15% of the students in 2005 had
problems with the duration of the module. Analysis of the tracking data,
however, revealed that many of these students tried to finish the module in
one session without a break. Most of these students needed four to five hours
to finish the module, which is not very long for the module, but is very long
for a single session without breaks.

Ten percent (10%) of the students in 2004 referred to the concept of gain-
ing points, of which half had a positive remark, and the other half a negative
remark. Several students with a negative remark reported it was demotivat-
ing them to see only the points they lacked, and not the points they already
attained. After the evaluation in 2004 the presentation of the points has been
changed to show both the number of points students already have attained as
well as the number of points students still need.

Seven percent (7%) of the students in 2004 and 6% of the students in
2005 have a negative remark on the point gain mechanism. Students stated
that it was unclear to them how the rules were working. An error was later
found in some of the questions that probably contributed to some of the 2004
remarks. And, although it is not the intention that students should know how
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the rules are working, introducing the students to the adaptive behavior and
the update rules might increase their confidence with the system.

The open question in the questionnaire was followed by some questions
on a 1-5 scale, shown in Table 3.

The answers on the multiple-choice questions show that students have a
positive view on the module. Especially the “useful” rating is high; in 2004,
39% of the students gave the maximum possible score, in 2005, 58% gave
the maximum score. At Wageningen University all courses are evaluated
with a standard questionnaire, including the question “This course is useful.”
In the last year, 802 courses were evaluated, of which 22% received a rating
of 4.1 or higher, and only 5% received a rating of 4.4 or higher.

The answers regarding the difficulty of the questions comply with the
supposed adaptive working. Because Proteus should present only questions
that are relevant for a student, students should not feel that questions are too
easy or too difficult.

The answers on the students’ perception of their own knowledge are all
within expectations. None of the topics mentioned has an answer below 3.0
nor an exceptionally high standard deviation.

Table 3
Average Answers on the Multiple-Choice Questions and
Their Standard Deviation
Questions about understanding were rated 1=poor ...5=good,
questions about statements were rated 1=disagree ...5=agree, exceptions are shown.

Question 2004 (n=82) 2005 (n=50)
The questions were (1=too easy ... 5=too hard) 3.3+0.7 3.1+0.6
My understanding of specific growth rate is 3.6+0.8 3.6+0.7
My understanding of Monod kinetics is 3.4+0.7 3.5+0.8
My understanding of biomass yield on substrate is 3.3£0.8 3.4+1.0
My understanding of maintenance is 3.4+0.8 3.5+0.9
My understanding of batch cultivation is 3.6+0.8 3.9+0.8
My understanding of CSTR cultivation is 3.5+0.8 3.8+0.8
My understanding of substrate/biomass balances is 3.6+0.7 3.6+1.0
This module is fun 3.3+1.0 2.8+1.2
This module is challenging 3.8+0.9 3.9+0.8
This module is motivating 3.6+0.9 3.8+1.0
This module is useful 4.1+0.8 4.4+0.8
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Future Developments

The closed questions in Proteus currently use a nonstandard XML based
format, which was developed for quick development of case-based digital
learning material. With the release of the IMS Question and Test Interoper-
ability (QTI) Specification version 2.0 (Innovation, Adoption and Learning,
Global learning consortium, [IMS], 2004), the QTI specification can replace
our nonstandard format without the loss of functionality. This would enable
the use of existing sets of QTI questions in Proteus.

Deploying the adaptive rules in a standard learning management system
would improve interoperability further. A first approach for adaptive rules
using learning standards is described by Cheniti-Belcadhi, Braham, Heinze,
and Nejdi, (2004). At this moment we have not found a way to implement
the adaptive rules described in this article conform SCORM 2004. Database
functionality for learning objects is probably required to deploy these rules
in a learning management system (Sessink, Beeftink, & Hartog, 2005).

Proteus needs to measure the student progress. Only learning objectives
that allow questions to be designed such that the number of tries is a good
indicator of the student progress can thus be used in the adaptive system. It
is less effective for “design,” or “collaborative” learning objectives, or
“whole task” assignments (van Merriénboer, 1997).

CONCLUSION

Design and development of Proteus, a lecturer-friendly adaptive system
for tutoring, was successful. Proteus requires little knowledge and skills
from the lecturers, because the adaptive rules are designed to use lecturers’
everyday concepts. The amount of information required by the adaptive
rules, is little. Where possible, the adaptive rules try to apply some theories
of learning and instruction. Proteus provides adaptive navigation through a
set of closed questions. Adding questions to Proteus is very straightforward
and requires little effort. The questions are used to measure student progress,
as well as to stimulate student progress. The system discourages wild guess-
es, and provides feedback to stimulate students to study the theory.

Addressing a heterogeneous student population effectively with Proteus
was found to be very successful. A module developed in Proteus was used
twice by in total 143 students in a BSc course, and received very well. Dif-
ferent students followed different tracks through the questions. The quickest
students needed 17 questions and two hours to finish the module. Students
who required much training needed up to five times more time and up to
four times more questions to finish the module. After finishing the module,
students answered a questionnaire, in which students gave very positive
remarks on the module, and rated the module usefulness on average 4.1 on
a 1-5 scale.
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