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Abstract

By supplying various combinations of advanced instructions and different forms of exercises in-

dividual learning processes within the impartation of basic knowledge can be activated and sup-

ported at best. The fundamentals of our class “Introduction to spatial—geometric cognition using

CAD” are constructional inputs, which systematically induce the objectives amended by back-

ground knowledge of adequate depth. Instructions are supplied either online as videos and images

from the lecture notes or during an in-class lecture. For the adaption to the computer different

steps of exercises were developed according ro the level of proficiency. These are to be solved by

learning groups of four participants supporting one another.

I. INTRODUCTION

The presented didactic conception was de-
veloped to provide a compact, sophisticated
and mainly successful access to spatial-geo-
metric cognition for numerous first-year stu-
dents in engineering sciences. For develop-
ing spatial cognition, CAD software and soft
skills are applied, trained and encouraged as
additional basic qualifications for studies at
university.

Being an optional class at the beginning
of the studies, it has to meet different basics

and capacities of participants to minimize

the number of breakups at an early stage.

All attendants should be able to succeed
— albeit through varying efforts - in the re-
quired level of proficiency at the ending of
class (Rogers, 2000).

Out of many methods applied to the course
this paper wants to enlighten the contribu-

tion of advanced instructions.
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Il. PREPARATION OF KNOWLEDGE
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Figure 1. The Built Examples.

To substantiate the prepared themes and
matters according to the objectives we chose
several architectural and technical examples
(see Figure 1). Thus a construction method
was developed for either passing through
all necessary and helpful facets, using the
smartest and fastest road to success or pre-
senting alternative approaches which are

based upon didactics (Piitz, 2004).

The dealing with the contents is struc-
tured by considerations of the learning pro-
cess instead of thematic taxonomy.

Processing appealing examples of extraor-
dinary complexity serves the motivation of
the attendants during a beginner’s course.
However, by a close description of all essen-
tial actions, with focused collaboration the
participants are assured of feelings of suc-
cess.

Figure 2. The CAD-Examples.
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For teaching these contents detailed in-
structions for three examples are prepared
in 8 lections. Additional examples with sim-
ilar background are offered for exercising in
other levels of learning. Due to this mul-
tiplicity of examples the participants carry
out different complex constructions during
each lection, by this clearly realizing their
outcomes (see Figure 2).

For the different phases of exercise within
the lections four types of instructions with
increasing detailing are devised. These cor-
respond to useful action during the devel-
opment of the working materials: selection
of an example, collection of planning ma-
terials, definition of geometric structuring
and complete documentation of software
inputs.

a. Graphic Model - As a first work step the
lecturer chooses a suitable example with
which certain aspects can be presented (see
Figure 3). Therefore he compiles compre-
hensive graphic documents, from which a
transmission to the software can be realized

Bauhaus-Schachbrett

Figure 3. Graphic Model.

with this selection the lecturer already
produces the documents for Level VIII (s.
IVg.)

b. Plans with measurements - Succeed-
ing, the lecturer carries out the example in
useful planning material (see Figure 4). All
measurements needed for transmission have
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to be determined and revealed.
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Figure 4. Plan with Measurements.

With these planning basics the lecturer
defines material for Level VII (s. IVg.).

c. Geometric Structuring - Based on the
determination of measurements the lecturer
develops the geometric method as an in-
struction for later transmission to the soft-
ware. Here the effort lies in defining the
succession of separate construction steps

(see Figure 5).

Figure 5. Geometric Structuring.

With the design of this structuring the lec-
turer receives material for Levels V and VI

(s. IVe., IVY.).

d. Advanced Click-Instruction - Within
the last work step the lecturer evolves the
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transmission of the example to special soft-
ware according to the formerly determined
geometric method (see Figure 6). By this,
different aspects of the program are worked
over step by step. Each input is document-
ed in this process. In addition, alternatives
for commands and methods should be pro-
posed and geometric backgrounds should
be commented on. This will require most of
the work for the development of the course
program .

The click-instruction is the basis for the
different types of instructions. These serve

as models for the learner in Level I-IV (s.
IVa. — IVd.).

Figure 6. Advanced Click-Instruction.

lll. DIFFERENT TYPES OF
INSTRUCTIONS

The enhanced construction method is
documented variedly for different educa-
tional programs retaining the principle con-
tents and structures.

There are types which feature a direct
execution without preparation and others
which promote a first examination of the
issues detached from software application.
Latter indeed require more effort in time,
but create a solid basic understanding and a
long-term memory.

a. Video Presentation of Using Software
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- The video presents all software inputs, than by viewing a video presentation of us-
which are needful for the construction ing the software; a print-out is considerably
method, on the screen as well as correlating advantageous to a display on screen.

(vocal) annotations. Every lection is struc-
tured by around 12 sequences; viewing each
prepares for own adaptation.

The lecturer can quickly produce this
type of documentation by attending a pre- ' T
defined script. The learner is provided with . L1 &
a highly realistic idea of necessary actions
(see Figure 7). Unlike a presentation with
LCD projector during in-class exercise the * BT
participant can view a sequence at that time
he himself is ready and focused, being able

to pause, to repeat or to skip if required. R EN
o J ps
qug . . oV FEPLETICTCE mel c. Book of Lecture Notes - The lecture notes
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present in detail several levels (see Figure
9): Within the left column on each page
intermediate steps of the geometric method
are documented in text and illustrations.
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b. Colored Documentation of Inputs -
In this version the construction method is
documented entirely with every point-and-
click and all keyboard entries by colored
records. (This can be recorded within the
lecture notes, see below). Basing on a sim-
ple notation this creates a clear illustration B e A B A AL s
of a command showing all necessary inputs
within a single image; the abstraction sim-
plifies the detection of central principles.
Underlying phenomena are assigned to ac-
tions by different colorings (e.g. purple for
coordinates). With this colored documenta-
tion the learner can quickly look at all need-
ful inputs of a command (see Figure 8).

The drawings in the middle column rep-
resent the initial point for each appointed
construction; here the colored records can
be inserted. Thus the learner gains a great
overview and quick access to all relevant in-
formation.

d. In-class Presentation - During the in-

The access to information is much faster class presentation the construction method

18 - Engineering Design Graphics Journal



Winter

is illustrated and at the same time recorded:
the tutor filling in the vacancies in the lec-
ture notes at the overhead, the attendants
in their paper version in place (see Figure
10).

Figure 10. In-class Presentation.

According to experience, a high degree
of concentration and a process of examina-
tion of subject matter is especially achieved
by listening, viewing and acting at the same
time. The collective experience of being in
the same situation promotes hanging in
there.

e. Completion of Lecture Notes via Video
Presentation - Supported by the filmed
and commented filling-in the learner can
examine efficiently and independently the
vantages of producing his own notes (see

Figure 11).

Figure 11. Completion via Video Presentation.
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IV. APPLICATION OF KNOWLEDGE

According to practical experience the
application and examination of knowledge
is structured in different levels of learning
with adequate offers: During Level I to IV
the learner revises the exercises according
to the closely detailed instructions supple-
mented with background knowledge. One
builds up his competence by experiencing
and reflecting the actions. During V and
VI he is merely supported by instructions
reduced to geometric structuring. With VII
to X the advanced learner can test the ac-
quired independence from instructions.

a. Level I — First Examination of Subject
- A first occupation with subject matter is
notably effective if the provided lecture
notes are replenished in color while listen-
ing and viewing. Thus, a great number of
students can be recruited for this activity.

b. Level II — First Application - The ex-
ample is entered to the computer indepen-
dently following the detailed instruction
step by step, engrossing comprehension by
reading the texts.

c. Level III — Discussion - An important
component of our conception is to build
learning groups of four participants each,
within which problems and questions dur-
ing application can be quickly solved. Mu-
tual explaining accelerates and deepens the
learning process, leads to extensive inde-
pendence from support services and devel-
ops soft skills. Exercises, consisting of sin-
gle components which are solved by each
participant and finally added as one, even
more strengthen the cohesion of the group.
This two-way support can only be realized
to some extent in the context of E-Learning
e.g. by providing chat rooms.

d. Level IV — Efficient Application - To
achieve confidence and routine in handling
the program the example again is entered
according to the detailed click-instruction,
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as the multitude of newly introduced com-
mands barely can be memorized within one
run. With the gaps in comprehension being
closed the repetition is considerably clearer
and more effective hence reading and ques-
tioning is omitted.

e. Level V - Transfer - With each lection an
additional example comes along, on the ba-
sis of which the participant can reappraise
and experience, what he has learned by “en-
tering” according to the detailed instruc-
tions. The expenditure of time is restricted
by a short instruction reduced to geometric
structuring.

f. Level VI — Individual Implementation
- Rehandling the complex example only by
the means of the geometric method serves
to reassure the already learned.

g. Level VII-X — Self-Developed Realization
Competence is broadened further by solv-
ing other tasks (dimensioned plans, photos,
textual settings, own designs). These are not
covered by the optional pre-course.

Within Level VII the learner is provided
only by plans with measurements, accord-
ing to which he independently has to de-
velop the geometric method and to transmit
the example to the special software.

Self-developed realization of examples,
only basing on the graphic material of Lev-
el VIII, is seen as final aim of the tutored
phase of exercise. The advanced participant
reexamines autonomously his comprehen-
sion of application for the program as well
as for the illustrated geometric knowledge.

Subsequent additional steps for exercis-
ing can be provided with Level IX and X:
Textual topics can open just as much space
to the participant’s creativity as the realiza-
tion of individual designs, which are tutored
within the bounds of possibility.
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V. INDIVIDUAL SUPPORT

Based on the instruction various catego-
ries of issues can be differentiated: careless
mistakes during input, individual difficul-
ties in comprehending single steps of con-
struction, problems caused by accidentally
changed program settings or issues uncou-
pled from the construction method.

Adequate support services are provided
during in-class presentation by partners and
tutors, during E-learning by help offers as
well as online communication.

a. Self-Help - By repeating difficult pas-
sages the learner can specify certain issues,
independently searching for their clarifica-

tion in his completed lecture notes (see Fig-
ure 12).

Figure 12. Self-Help.

b. Learning Group - Individual weakness
and strength are balanced within learn-
ing groups of 4 participants each (Cohn,
1997).

Problems, which cannot be independently
cleared, can be discussed within the group
and solved together (see Figure 13).
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Figure 13. Learning Group.

c. Tutor - In each classroom up to 10 of
these groups are supervised by one tutor.
Problems, which cannot be checked within
the group, can be discussed and solved with
the tutor (see Figure 14).

Figure 14. Tutor.

d. Online-Support - In addition to the al-
ready mentioned web-based offers there are
even more provided to support the clarifi-
cation of problems: On our pages one can
find “Frequent Input-Mistakes” and their
explanations listed by appearance within
the lections.

Individual Problems can be described in
the so-called “Forum”; there, the solutions
should be developed and presented by other
participants (see Figure 15). At a particular
time these inputs are systematically worked
over by a tutor.
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Figure 15. Online-Support.
VI. INDIVIDUAL LEARNING

Most favorable terms for learning are re-
alized, if one can cut his own path accord-
ing to originality, necessity and capacity. If
s0, a learner has to assume responsibility for
his own learning process and to possess rea-
sonable self-perception.

Our conception provides the participants
with the possibility to use different offers
during course of class, to evaluate personal
experiences and to choose appropriate ver-
sions (see Figure 16).

The individual demand for support serves
as objective criterion for the participant: If
being high it is proposed to reoccupy with
offers for knowledge transfer, which claim
for more activity.

To hint at the range of ways in achieving
the common purpose the “most popular”,
the “most expeditious” and the “most effi-
cient” variants are presented below.

Figure 16. Different “Paths” of Learning.
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a. Standard learner - For knowledge recep-
tion the “standard” participant attends the
in-class presentation (90 min), finishes sys-
tematically all levels of learning (180 min
- 11 80, IV 50, V 20, and VI 30) and profits
from the vantages of the learning group. To
process all 8 lections like this one needs 48
teaching units (2 45 min).

b. Fast Learner - For knowledge reception
the “fast” participant views the video pre-
sentation of using the software (45 min),
skips Level II but finishes all further levels
of learning (90 min - IV 45, V 15, VI 30)
nearly without the need for individual sup-
port. To process all 8 lections like this one
needs 24 teaching units.

A participant with previous knowledge
reads the lecture notes (30 min) and fin-
ishes straight away Levels V and VI (each 15
min) within ca. 12 teaching units.

c. Thorough Learner - A participant, who
demands for a very “thorough” education,
attends all offers for knowledge reception
(210 min), finishes the levels of learning by
partly revising several times (270 min) and
profits from individual support by learning
partners as well as tutors. Thus one needs
ca. 88 teaching units.

VII. QUALITY MANAGEMENT
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CAD-course
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Figure 17. Poll Results at RWTH Aachen, 2006.
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Very successful poll results, given by the
students, demonstrate the high acceptance
of our teaching method (see Figure 17). To
us, a criterion of quality is met if the at-
tendants are able to handle both the exer-
cises and the transfer without support. To
prosecute this claim we present the in-class
exercises with 250 attendants: If — without
support of the tutors - there are several par-
ticipants within this practice lost upon the
same step of the construction method, this
passage is modified to prevent the following
class from these problems.

In this way we also guarantee that even
within E-learning the participants ever less
hit snags. Another starting point for opti-
mization is supplied by our online moni-
toring where the individual time need of
each student is listed and which steps are
improvable.

VIIl. EXPENSE MANAGEMENT

The absolute separation of knowledge
transfer from practical realization at the
computer results in an exceedingly con-
venient cost-benefit ratio for the in-class
course.

In spite of the great number of partici-
pants the lecturer only once has to present
the contents in a lecture hall. The exercises
take place at various times in different com-
puter pools; 40 participants (10 learning
groups of each 4 learners) can be well sup-
ported by one tutor. For the online offers,
the costs are reduced to the expenditure for
maintaining regularly the questions in the
“forum”.

The considerable high effort in time and
personnel for the development of the topics
(s. II.), the realization of the instructions as
well as the conception of further exercises
amortise fast with the high number of par-
ticipants being attained.

The available amount of money deter-



Winter

mines in which depth the program can be
presented. By this, the different types of in-
structions (s. ITI.) can also be understood as
expansion stages.

IX. TRANSLATION

The introduced course was verbalized in
German for RWTH Aachen University. As
stress is laid to the graphic conception, the
course program can be translated into other
languages with relatively low effort.

X. TRANSFER COURSES

As regards content the main achieve-
ment of this conception resulted in the de-
velopment of a clear construction method;
according to this basic principle transfer
courses for fast access to other software were
developed (see Figure 18).

Figure 18. Fast Access Example for Other Software.

Xl. RESUME

Differentiated forms of teaching and
exercise based on constructional instruc-
tions can encourage individual learning: In
achieving the same outcomes obviously it
takes less time for students of high-capacity
than for those without previous knowledge
and more need for exercise.

During practice in this course program
at RWTH Aachen University a great num-
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ber of students accepted the in-class offers
in particular, coping with difficulties easier
this way.

Xll. REFERENCES

Cohn, R., Von der Psychoanalyse zur themen-
zentrierten Interaktion, Stuttgart 1997.

Piitz, C. and Schmitt, F., (2004). Introduc-
tion to spatial — geometric cognition - CAD
for 500 participants, Proceedings of the
11th International Conference on Geom-
etry and Graphics, Guangzhou, China,
501-507.

Rogers, C. R., Entwicklung der Persinlich-
keit. Psychotherapie aus der Sicht eines
Therapeuten, Stuttgart 2006.

d3INIJHN3dd

4

Plitz & Intveen -

23




