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ABSTRACT

. <
Production ard Evaluation of Video Segments to Stimulate

Productive Problem-solving -Behaviors in a Mechanical Engineering

. Joost Davidson

The aim of this thes;s-equi‘vaylent was ‘co;lcerned with the - design,
development, and evaluation of two video segments, as lﬁtroductlon to
problem-assignments, in an Undergraduate course in Fluid Power Conu:ol‘
§ystems. to stimulate creative thinking processes by Increasing . directed
. motivation 'and cultivating a more positive attitude towards productive

’

problem-solving behaviors.

t

The theoretical basis to this study expands into the field of transactional ‘

“ psychology, cognitive and effective learning béhavlors. visual thinking, and

audio-visual communication.

Two Atypcs of video-taped introductions to the problem as'slgnmgnts were
-~ N

~used, a descriptive as well as a case-study format Introductlgn . For purpose’

. of control in the evaluation of the video-taped introductions to the problem
assignments, similar printed introductions to the problems were applied. The

subjects for this study consisted ofl 28 students.

Two measurement instruments were used. Measurement i’nummgnt [ was

based on the ‘assessment of four major response properties as criteria to '

Aii



productive problem-solving behavior, and identified as (1) énm-lneu. (2)
appropriateness, (3) transformation, and (4) condensation. Measurement
instrument II was a Semantic Differential test, used to assess the students'

A

.emotional responses‘ towards each- of the assignments during the course of

study. A 3 x 3 factorial regression design was used for evaluation, and the

results were statlstlcally‘a,nnlyz‘éd using Analysis of Variance and Covariance.

»
3

The results obtained in this study indicate that the video-taped iqt,roductlons
to the probler;t assignments, ohadk a positive éffect on lncreaséd student
motivation and cultivated a rmc;re positive attitude towards productive
problem-solving, over the printed presentations. The \m_)rk of the students,
who were introduced to the problem assignments through the video segments,
demonstrated statistically significantly more transformation in their solution
to the prob!gm, and more condénsation In their arguments in d.eslgn{(p <
0.05). \_When asked to 'rqcord tﬂelr embtlonal'responses'to th;a 'as‘algnments in
the sgmantlc-dlfferéntial tests, these students found that these asslgnmerits
wére more helpful, méaningful, relevant: 'lmporta’nt', useful, and purposeful, as

well as exiting, interesting, stimulating, and ointellectual (p < 0.05),

s . *

The experiment was conducted within the parameters of the existing

‘acadgrpic curriculum and the established educational environment.

2 .
Consequently, a relative small sample was available for evaluation. ‘Because
of the ,pseudo-experlm?ntal nature of .the evaluation programme, it is not
considered justifiable to derive- general conclusions following - the. results of

3

this_study.
AN
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The’ foll(;wlng dissertation Tepresents a mmgndry‘upruentlﬂon of the
theoretical antec.e‘dent‘s, desfgn frame\v.érk, and evaluation processes of_ two
video-tape productions prepared, modlﬁed, and accepted for inclusion as
curriculum iuppon materials 'ln an Emdergraduate programme offered in theh

Mechanical -Engineering progi'amnie in the Faéulty of /Englneerlng' in

Concordia University, Mom’resl, Québec, Canada.

The Video-tapes, together with this background account, al"e submitted
a3 a thesla-equlvalent in partial fulfililment of the requlrements for the

Degree of Master of Arts in Educational Technology, option B. at Concordla

.

:

University.
As a prelude to the profect, a Profesfor in the Mechanical Engineering’
bepartment ef:preued a need to enhance the . learning experlences of

engineering students in the flmd—power control syttem course which he

taught, by the lntroductlon into the course-work of the types of engineering

1]

problems found in industry.

A proposition was accordingly prepared, to research, design, produce,
and evaluate, two vldeo-tipe oegmenti lntroduclng such engineering problems,

given' during the course to the students as assignments, on a trial basis.

®
\

Thé objective of these video-taped introductions was to simulate a real

engineering * problem-situatioh in industry. It was expected that through

vi
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these introductions, the students would be able to relate.to the problems in
a professional manner, and as a result, the students would bé educated to

display productive problem—ooi\/;ing behaviors.

The Professor, who had taught the ' course in fluid-power control
lystéms" over the four previous years, expressed the need to redesign the
existing curriculum.: New developmenté in ﬂuid-powe? control, and the

addition of _many educational materials, which had been acquired over a

period ‘In the laboratory for student experimentation and support .of the

"ﬁures, as well as the addition of the use. of vi&eo-taped introductions,

called for a basic re-examination of the published course-éontent and

_ educational objectives. - »

During the winter term of 1984, two introductory video-tape segments
were produced, and with a newly defined curriculum used in the course on a

trial basis, to test its effectiveness.

B " . .
. This paper accompanies the two. video-tape segments produced. . The

first two chapters present - the educational context to the video-tape -
* [

segments, fthé;urse content and educational 6bject'lves, as they v/ere:" .

’ldevelpped as pert of this study, and the curricalum, as it was accepted

during the trial period.

Chapters J and 4 present the strategy:in design, design, and evaluation
|
procedures followed in the prdduction and’ evaluation of the project.

The results and conclusions of the study are described in the last two

chapters,” and recommendations for future research are given.
: ¢

"

Following the trial period, and upon the results of this study, the.

vii -
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I * Chapger | ‘
. "oA ‘ ¢
. 'The Educational Context of this Thesis-equivalent

B
v -
- - ”
. R
.0 -

1.1 Introduction: Motivation and Learninig' v : <

/\
. .
Although the use of visual media is widely accepted pragmatically iﬁ-

education as a valuable means for fostering cdgnitive and’ affectivislearning,
\hthere is little evidence on the direct relationship betw 1sual presentation

.and purposeful act by the perceiver.

L

. : )

+

In hig article "Perception, Communication, and Educatlonal_"Rescarch",
Norberg (1953) mentioned: - o o
We cannot say what an individual will learn from any discrete visual

~— .
presentation, as such, and aside from a context of purposeful acts

carried out with continuity of purpose and direction. All action is not -
&

overt or 'physical’, but to maintain and carry forward a line of

purposeful action; in time, rt‘equires ade'ﬁuate conditions of sensory
contact with the en.vlronment. We learn from visual presentations In
so far as they make it posslble.'.'i; easier, for us to carry out our
purposes. As we learn from pe;'cept!onst and to new ways of .

- perceiving things, our 'assumptive form' world changes and this

’



involves the most complex organizations of our behavior including
social attitudes and conceptions. We cannot learn without acting. We .

cannot act without pérceiving. (Norberg. K., A.V.C.R., 1953, p.20).

J
i

Often the use 6f visual medis. Is' directed Eowqrds the acquisition of
knowledge and the development of Intellectual abilities and skills. The

present thesis-equivalent examines one ptissidﬁillty of the use of video

o

presentatior'i' in y?hlc'h the edui:ational gbjective is brimag‘ly of a motivational
and attitudinal nature. ~In brevious studies, film has been used in tegéhing
for affective change. These films, also ca'iled“ "trigger ‘,Pmms" (Boud .,&‘
Pearson, 1979; Fish, 1972), belong to a class of educatiov\jl materials, {'whoaé .
aim -is to stimulate or provoke affec’tlve learning behaviors. The use of
"trigger” in these studies refers to "facllithting nothing eist; but the

possibility for future action" (Ascott 1968). The video presentations of this

A .
thesis- eqtiivalent were designed and produced to "trigger" or: facilitate the
growth of purpose and direction in cognitive quming beixavior of students in

an engineering course. . . ' o

v
&

l 2 The Educational Problem: Learnini and Thinkigg . -

FJngineerl ng Courses

4

-

Much teaching of mechanical engiri'éérir_ng to undergradudte students focuses

on the acquisition of knowledge through lower cggnitive berformance ‘levels
.~ -

in the hierarchy of leamlng. There is a need to’ stimulate higher cognltive

~

performance levels, snch as problem solving, and productive thinking. Jn his

»
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' * ’ j
"Electrital Science Course for Engineering College Sophomores , Development

of an Integrated Program Utilizing a Broad Range of Materials", Balabanian

"(Note 1) mentions the importance of ensuring that students acqufre:

knowledgé of scientific facts and principles, and ‘the mathematical

‘language in which they are expressed,

v

proficiency in recognizing and applqug concepts and models,

skill in experimentation and evaluation techniques,

a thorough knowledge af scientific me-thod,

Q

creative insight in their approach to new problems,

understanding of real englrieerlng problems in their ldentlflcﬁtlon,

approxlm‘atlon, optimization, as well as their economic, social and

"legal aspects,

personality traits appropriate to profgsstonal engineering, these being

" defined as: intellectual honesty, and enthusiasm for discovery.

He points out that typically, most conventional engineering programs in

. higher education 1glve most attention to only the first two of these aspects

(scientific knowlédge and modelling skills). Brown (Note 2) identifies the

importance for a student not to only "know fact X", but moreover to be

able to "apply fact X in context Z". The introduction of problems provides

the students with context. 'In his "Evaluation of Learning from Case Method’

Instruction in Engineering", Vesper (1969) stresses the Implications of this

mefhod for the development of skills in identifying and defining practical

v

-
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problems, and an increasing-tendency to generate aiternative aolutlons. Thus

as Kelly (1955) mentioned in hls artlcle "Educatlon ls Communication”, lt is

not only the task of engineering education to introduce a context for
analysis and evalu;tion of knowlédge acquired, but as‘ well to stimulate these
creative thinking processes. Evidence in. past. research shows that the use of
film can be a vital component in teéchlng ft:)r affective change (Boud &

Pearson, 1979), through the Introduction of some of the complexity and

immediacy of the 'real world;, in a way that stimulates students to reflect .

on, and to analyze, Incidents, events, and their own values,

t

' °

©
[

1.3 The Educational Objectives of the Media Presentations
T - ;

The educational objectlves of ihe media presentations produc.ed( in the

present thesls-equtvalent were to stimulate creative thlnklng processes by&

lncreaslng directed motlvatlon and cultivating a more posmve attltude

towards productive problem-solving behaviors l. Kelly states: .

One is always learning. We teachers can simply help to determine
rate, direction, and quality by the variety and richness of the

L4

experiences we lead our students into (1955, p, 252).

This thesis-equivalent was intended - to meet’ the educational objectives by

means of evoking changes in the affective condition of the students. This

[P N . g
\ .
. s

I. The ’"operational deflnltions for motivation and attuude are glven ln\

section 4-2,

AY

~{
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affective condition can' be characterized . as the studen;h' mental

environment.’ The media presentations were intended to create a condition

" that support this mental environment, in which the students would exhibit

increased productive problem-solving behaviors.

!
/
4

1.4 Rational for° Media Selection

]

It was essential to' the media presentation, that a high level of reality be

obtained In depicting the problems in the assignments. This meant there

. should be a minimum of bias (noise) between the coding of the information

by the designer and the decodl.l}g‘ of the information by the‘ learner (Berlo,
\1960). Furthermore,. in material deslgne;i for motivational and htt{tudi 1
change, only limited prediction Is pos;ible as to which elements of the
tstlﬁlull will "trigger" this change, Although, the learner will "percelvé what
he expects, or is 'set' to perceive" (Flemming, 1970}, he will nevertheless
’ perceive "whatever represents, for hlrﬁ, the most -likely prognosis for agtion
based upon his eXperlénce" (Kilpatrick, 1952}, The perceptions of one
individual .or group may vary markedly from those of another in the same
sltuatlona(Flemming, 1970), but are likely to vary less if a high level of
reality is -achieved in coding the two-dimensional representa\tlon of the
three-dimensional world. Such a high level of reality in the representation
;yf the three-dimensional world through a n":édlum, car’l only be approilrhated
through' optimum coding of the visual, as well as the time dimensions in tﬁe
medium (heﬁce, tape-slldp' does. not approximate a high level In
represéntatlﬁn of reallty\ due to the lack of some time dlmen;lons).« The use

g

"



" personal preference, was QQ\/

‘ " .
. .
Qe
v

of both auditory, and,visual sensory information chsnnels is preferred to

allow for preferences in i ividual learning differences (Romiszowski, 1974),

These conditions can only be achieved with film, video, and with ve‘ryﬁ

high-resolution computer graphics. The material in this thesis-aquivalent was

to be dlrectéd towards lylv{dual future activity of the students in creative

problem-solving. The ready sccess to video production equipment to the |

writer, as well as pln}bé,ck units dor student-viewing, with the possibility for

and review the material according to

LY

the students to pace the playch;
factor in the declalon ! to produce the

Introductory segments F he assignments:in video, rather than film,

!
.

S e

1.5 Outline of Content and Form of Media Presentation
. : \

o > v

A complete’ﬁ-descriptlon of thé video-tape segments produced as
thesis-equivalent is to be found in Chapter 3 in the section 'Produc,ilon

Design', o

Two video-tape 'egments. wére ,p'roduwd, mpeétlvely as introquctlon “to
assignments Il and Il The 'wgﬁlent for u;lgnment I portrays the motion
system as it is used for large drcraft slmultton by G\nadlun Aviation
Electronlcs. The sexment for nulgnment ﬂl portrays the pruent testlns

system for wafer check valves at R!tepro‘ Inc, Each video-tape segment

'ahows-the present system, as well as the envlron‘n;ent in which thu"lystem. is

used, and’ identifies and shows the interaction of all elements of the,

system. Given the educatlonal ob}ectlves of the aegments. the printed
3 Q-
. \ f

«

.
¥



material that would accompany the assignments, the emphasis in design of

these segments was rather on the transfer of a 'feeling of reality', than on
-t

the completeness of the Information contained, * Two approaches In

presentation format were used:

Descriptive _ introduction to a problem assignment: This is a

documentary-style introduction to a problem. It is primarily designed to -

enable thé students to famlllarlzé themselves visually with the relevancy of
the problem assignment to an industrial sisuation. This video-tape segment
introduces the student to the world of airflight simulation, the use of
simulator motlgn systems, and consequently the problems one face’:s in the

)

design of a motion system for a light-aircraft simulator,

Case study method introduction to a problem assignment:. A case study

is a simulated sjtuation, describing a real engineering problem situation in

industry, where the student is asked to take up the problem where the

~

professional in the case left off. In this video-tape segment, a c{lsultant is

assigned to design an automated testing system for a wafer check valve

manufacturer. The student follows the consultant as he is introduced to the

manufacturer and is given the reasons for automation of the present system,

how the mﬁnufaéturer yresentbrl_t/gsts the valves, and -some s{:eclﬂc technical

requirements for the design of a new system.

Each video-tape segment was followed-up with printed material, in

which the actual assignment, relevant to the lritroductlon, was presented. |

P
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1.6 Some Alternative Methods of Achieving the
| Educational Objective .

~

Although it is well recognized in brofeuional engineering, that scientists and
engineers need to be ab\le‘ to apply knowledge within spet;wc contexts, few
engineeriog courses 'ex;:phasizé the appllc;tlon of the knowledge acquired
(Wo'ods, Wright, & Hoffman, 1975). An alternative means to achieve the
.problem-solvmg approach in technical education is \used at McMaster
University in Hamilton, Ontaro. A successful approach to the intrqduction of
problem-solving Has been used through simulation_and gaming:|\ Simulated
problems are assigned to the students within the context of gaming
situation, in which students would run an account, caiculated in monetary
terms, for the purchase of information and debiting of charges for simulated
downtime, loss of productign, labor, or equipment needed. " The objectiv; for
the siudents is "the best posslbl[e solution" within the réstrictlons. The use
of gaming has some disadvantages. According to Woods (1967), the
assignments need to be \!rorked in ciass, and the student-to-staff ratio should
be less than 10:1, Furthermore, through the use of gaming, th«i m;)tivatlon is
of a competitive hature, and s0 may not be effective for those students with
preference for involvement in non-competitive areas, such as long-term
research. A similar research project concerned the effects of training in a
multistage "complete‘process‘ef creatlvA'oblem solving” on attitudes and
behavior? of engineers, englneerlpg managers, and technicians, actually active
in the field (Basadur, Graen, & Green, 11982). Through their direct contact
with the active field of engineering (real world'), the sébjects showed

significantly highér preference for, and performance In, both problem-finding,

-

.
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md problem-aolvlng. At Cornell Unlvenuy, the use of an audio-tutorial /
‘Instructlon unit was tested on its effectiveness towards intuitive and
analytical problem-aolvlng within a college introductory non-calculus physics
course (Thorsiand, 1971). The findings and conclusions made, showed a

significantly increase of student's lntuttlve and analytlc problem-solving

tendencies,

1.7 The Strategy used in_the Design and Production of

this Thesls%ulvalem ’

W

As a gene}al strategy in the planning and design of the educations] material,
the procedures as described in "An Approach to the Design of Mediated

Instruction" (Cavert, C.| E.,, A.E.C.T., 1974 ), have 'been followed. These

procédures evolve around an analysis of (see figure 1-1):

- frame of reference

¥

- targes popuiation, and needs
- - goals, strategy, and structure
- mediation, and diagnosis

The actual format used for the detign of the curriculum follows the
outline given by Lloyd and Ketchum (1981), It was found, that the professor
who taught the course at the time, felt most comfortable with this format,

The format was adapted by Lloyd and Ketchum for use. in the design of
R _ \

Y

L]
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engineering courses from educational studies in learning theories.

e .
The strdtegy for the design of the media presentation, l.! it is

described by Cavert, focusais;‘ strongly on declslons which are ;ppropriate to
material with instructional - objectlves. The motivational and attitudinal
nature of the mediated materials produced, called for a somewhat different

+

strategy . in mediation. The strategy used expands into the field of
communication, and visual perception and formed the basis to the enc?ggf
process of the information which was mediated into the vidéo, presentatlon;

This encoding strategy is presénted in Chapter 3. ' T

- )
\ . | - . ' . \

1.8 Frame of Reference ~ : "'

Ve
The course in fluld power control systems had been taught by the same
professor during the 4 previous years, At was found that gnly minor changes
in the academ}c conten't of the course were necessary, Prlmarily in areas
where new developments in’ the field kof fluid-power control called for
,expansldn of the topic. Given the time-siots allotted to ti:é course and the
- number of students registered, and the personal preference of the professor,
it was decided to ma[ntain the lecture format supplemented with laboratory
sessions. Furthermore, to give context to the academic content to be taught

in the course, it was decided to includp practical applications, such as

. simulated case-studies.




s

%

. ‘ourse in Fluid Power Control Systems, as it Is presently used, after it was
.

Chafiter 2

The 'Educational Design and Curriculum for the Course in .
Fluid Power Control Systems ‘

This chapter presents the educational design and final curriculum of the o/

implemented following the_ trlal year 4in which this study was conducted,
- ”

<

During the study, it was found that new developments in fluid-power control, -
diverse course-objectives, the large variety_of educational, resources available

tp today's fluid-power contro! education, and the introduction of the use of
. ‘ '
case studies, called for a r@lefinition of the existing curriculum, of, which
A

" the video presentation of the present thesis-equivalent is a ihtégral part. \

l . 1 f "GM

1

Profile of the Target Audience
1

~
’

. « -
A g{g\ical member of the target audience is a full-time student studying at

the® University undergraduate level, In the Mechanical Engineering

" Department. The student enrolled in the program three years ago and is

»

approaching the completion of his or her studies. The student is between 20

and 30 years of agé. He or she has previously followed courses in fluid

o .

dynamics and control systems. Although a full knowled_ge of the behavior of

o

i

v

. L
P
,

~
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v2.2 Nature of the Educational Environment

) ’. o -

fluidsv;i;%a“n understanding of con’ée;;ts in control systems has been acquired,
he or she had onl‘ a brief introduction to the theqrétlcai and pr;ctlcal
aspects of fluid powei-_ control systems. By the nature of ‘prevlous“ stud!es, a
Jearned préferénpe for the‘ ”elopment of intellectual abilities in the
comprehension and application of knowledge has developed, The student has

had previous experience with the use of libraries, and is familiar with the

conventions used in lectures, with supplementary laboratory sessions.

s
~

.
s

. 2,2.1 Time . S

N . : ©

Thefcourse in Fluid Power Control Systems, is given over a 13-week period.

Lecture periods -are 3 hours per week and the laboratory sessions are given

on alterrz:e weeks . for a 3-hour period. THe students are expected to -

devote time outside regular lecture hours to study, preparation for the

laboratory 1fres ions, and work on take-home assignments.

N
T~

2.2.2 Laboratory 'S'pace

7/

1

For préctical experlenée, a laboratory ;paéé with specialized experimentation
equipment is available, _ Beside the laboratory sessions, as schediMed in the

éur;lculum, the 'students \gll lrave access to the laboratory for individual

experimentation. Furthermore, a space with ' drawing -boards as "design
!-‘

\

" office” is made avallable to the students. Following the assignments, the

( students will have ‘access in the "design office"” “to supporting technical

-
-
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information as well as a ‘vl.deo-‘tape playback unit for review. K /
. . [

7 ' ]

2.2.3 Knowledge Resources

- \
-

The students are 9xpe£:ted to use a wide varl’éty of resgurces available to T
them. The University libraries give access to all major qc;ademlc disclplln:'
areas. The fluid power controi taboratory' has worked together with industry
for several years, and many contacts outs‘lde the academic envlronment'!ﬁaive ‘
n made. Specialized literature, as well as industrial catalogs, and °
-

©

technical designs in the field of fluid power control are to hand in the .

laboratory,

-

2.2.4 Professional Personnel . ) ’ f .

.

Both part-time, and full-time laboratory personnel are available to the

. -
. “
" >
N
“

students for assistance and consultation.

2.3 Entry Level of Learner Needs

-

»

J
»

Students are required‘ to have successfully completed the .courses in Fluid
Mechanics I and Fundamentals of Contrc;l, Systems, as pre-req‘ulsifes to fluid o
Power Control Systems, which Is classified in _tbelr s'tudy-progra‘m as an
optional or elective course. Thus, it could be qxp%cted that the ln;iividuals
of the target population had dei}éloped an awareness of, and an interest in

concepts o{ fluid-power control systems. Although they were expected to

have developed an understanding of these concepts, it is assumed that their

LT }\
-
N h

r4m o ——— (et b ot &
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contact’ with the environment of practical use of what has been learned, has
been limited. This lack- of 'real world' experience hinders ‘their further,
affective development in appreciation, values, and adjustment (Balabanian,

Note 1; Woods, -1972).

™

-

N

-274 Goals, Strategx and Structute N

2.4.1 Goals and Strgtgg’x : .

3

Following,ihe frame of reference, gl{e déscriptidn of the target population

and educational environment, and the definition of ‘the’entry level of learner

neveds, thé goalg or educatlonal'objectives_ are Presented. This follows the
conventlon as' described l}y Cﬁver; (1974). As mentioned in the introduction,
the prbfessor of the cours:e felt most‘ cc;mfortablé with the procedures as
they were 'app'!led by Lloyd and Ketchum‘(l%l). Based on Bloom's Taxonomy
. <;f Edl{cational ,Objectiv.eé (Bloom et al.,, 1956), Lloyde and ‘-Ket'chum suggest
the use of a two—dimenslional, content-objective matrix (see Appendix A). In

"this matrix, ohe will find on the Y-axis the academic cantent of the course,

" and on the X-axis the cognitin\ educational objectives.  Although the

educational objectives in the affective and psycho-motor domain are of -

importance, Lloyd and ‘Ketchum consider only the cognitive domain in this
matrix. Not only Zare the affective ;md psycho-motor objectives relatively
difficult to deal )vlth in an orderly fashion, :ﬁt Lioyd and l‘(et‘chu_m also
ét.ress the importance of the use of an efficient and effective method to

. .accommodate engineering educators in the use of the educational design.

u A 4 - ——— W PRI
’



‘%e\

. + 4, Ppeumatic Systems

-16-

In Appendix A, .the metrix Is given,lre‘ptesentlng the course content and

the' cognitive objectives. The Fluid -Power Control Systems course covers &

) '
four main topics: . ' ' .

-

,

.~

.. Hydraulic'Systems [ - o

—

2. Hydraulic Systems Il , o

3. Dynamic Analysis of Hydraulic Systems and Advance Design Techniques

1

The course content is carefully planned In such a w'ay, that the students

7\ could be expected to arrive gradually at the system design stage. Each
i

mein topic’ follows the same pattern, froni an introduction of ‘components,
their schematic representations, functions, their symbols as used in designs,
basl'c mathematic representations, actual hardware, to sizing and circuit )
design. From the matrix in Appendix A, It can be noted thai the
ec!ucationak,objectives follow a pattern from lower-level cognitive (_)bjectlves

to higher-level cognitive objectives.

o

Following the evaluation of the educational 6bjectlves through the

matrix presented in Appendix A, the terminal course objectives are
: w2
X .

formulated in three parts,.é‘s, wrecommended by Mager (1962): . .

1. Students completing the course must have acquired an understanding of .
the area ,of fluild power control systems, and what the .technology

embraces; the place fluid-power control systems have in the field of

englne‘ering‘ in general and in part1lcular the role of automation in a°

® w .
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- _includes in addition:

l's
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modern society. Furthermore, the students must be able to identify,

select and design basic fluid ;}owér control systems and be able to

present these in a professional manner.

2. Thé -students are provided formal lectures, which include hardware
’examp!es of components and actual system designs. The students are
required to obtain tile textbook and additional readings, and prepare
the‘ms‘elves for the lectures, 'They have access to Qneumatic and
hydraulic 'vexpgrimentatlon units and during - laboratory sessions,

-

laboratory personnel are at hand. 4

3. During the semester, home assignments are given, including 'thé design,
the selection and sizing of components, and presentation of. s;peciflc
syat'ems.‘ These  are graded in compliance wﬁh selected aspects
oytlined in the .home assignme:s. . Laboratory design ;;rojects aré

”

assigned to small groups of students, which are graded as to their

-

compliance with accepted industry standards.. A closed-book final~™™" \

examination is given to evaluate the students' comprehension and
appllc;mon of design calculations, selection and sizing of components,

and presentation of alternative designs. - N

-

-~ v

2.4.2 Structure

The curriculum in its fi@;, can be .found in Appendix B . It covers the

full 13-week semester.! Besides the four main topics mentioned above, it

14

\

- Course Introduction and Introduction to Fluld Power Contro}

-~

et e cat



- Fluid Flow Fundamentals, which is considered a review of- previous’

student learning

- Phenomena Affecting Performance of Hydraulic Systems
v ‘ * k

- Review/Consultatlgn,‘ fpllowing the end of the formal I,ectﬁres and

\

_handout of the last design assignment

. In addltion to the course structure, the: curriculum presented in Appendix B,

Schedules the.use of educational resources. Many of the comprehensive

*

'educat!onai materials made available by Festo Didactic, are used throughout

the course to introduce actual hardware and system designs.

w -

NS

fThe curriculum calls for three take-home assignments, Assignment II
and IIl are _case studies. These case studies are presented in the context of
video-taped segments portraying' a real engineering problem situation in

industry, where the student is asked to take up th; ‘problem where the

professional in the case left off. )

L Y %
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3.1 Introduction to the Encoding Strategy

The strategy in design of the video segments is based on four .sequential
steps developed from the lnfdrmation-processlng approach to the( study of
. perception (see figure 3-1):, Characteristic to television, as a communication
medium, is its ability to trensfer audio and visual lnfornlwtlon
simultaneously. The ‘vlsual effectiveness ls‘ largely dependent on the ability
.of the wiewer to percelve visual cues through ,the eye, and to translate these
into meaning through the brain. In their 'Statex;ment of Theory' in "Human

Y

Behavior from the Transactional Point of View", Kilpatrick et al. define

"meaning" as "a result of :the transactions between a full range of )pei‘cepts
and the perceiver's past -experience”(1952). As explained by Toch and
MacLean (1962) :

t

Each perception _gs'the beneficiary of all previous pérqeptlons; in turn,
each new perception leaves its mark on the common pool. A percept’
is thus a link between the past, which gives it its mean}_ng, and the
future,'whlch it helps to ,lntérpret. Perception, in other wo‘rds,‘ is a

form of learning.

v
.
. w
’
1
.
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Perception is a process (Bét;lngham, 1960), and can be defined as a'.dynamic

flow of perceptual acts. Essentlally, this strateg} sequences the encoding

design steps, in order to arive at a consistency in flow of perceptual acts by

the perceiver. Consequently, these design %teps follow a pattem of a low
. level of coding to a hlgher level pf coding, to allow for visual recognition
and ldentlﬁcatlon (Haber, & Hershenson, 1972). The level of coding is defined
as the extent to which the perceiver has toj draw upon past experience
through stored information in memory (Neisser, 1967). The effectlve
performance level of .the perceiver throughout a aequénce .of steps, s
e;pect‘ed to follow cognltlvte and affective performance levels as described
by Bloom (1956) and Krathwohl, Bloom, and Masia. (1956). The communication
model, used in this thésls—equlvalent is Williams' "Information ' Transmission -
System for the Evoking Creatlvlty Through the Design or Use of Instructional
Media" (Williams, 1966)(see flgure 3-2). In the followlng section the

‘>

vbjectives are given of each of the encoding steps and .their representational

\

characteristics.

3.2 Encoding Steps / . .

*

In the following section, the four steps of the ‘e’codlng strategy .as it was

used in thli thesis-;qul,valent, are represented.

<>
A

3.2.1 Perceptual ‘Construction Step

In this first step of design, information is represented visudlly in such a way




Tu_m-cticn

Adalogy

Informetion -
analysis -

Cybernetic
snalysis

descriptors

Coding systems

¢

Figure 3.1,Encodi:'\g Strategy for "the Mediation of Problem Solving .
Assignments in a'Mechanical Engineering Course.

AN
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that it is perceived as closely as possible to what {s generaily believed to be
reality; this allow&ﬁ for recognition through perceptual observation, and
facilitates the formation of meaning thrbugh actess to prior experience.

Inherent to the visual medium, is its loss of information through the use of

a coding system, which in the case of video, is of an electronic and optical J

nature.The medium, in other words, filters some of the information. This

lﬂlter\'& -A; figure 3-3) causes loss of information defined as entropy of the

o

medium. Furthermore, the effect of filtering can result in a chgnge of
information frequency, which in turn causes a loss of reso]utloﬁ in perception
(f2-f1; figure 3-3), Characteristic of the design in this encoding step is to
minimize these medium-induced effects. Consequently, in encoding the

visual information, all image dimensions are kept closely within the

parameters of uf-distorted retinal projection. @s dimensions are

defined by Haber and Hershenson (1972) in the sensory organisation of visual

perception as: N

X, Y, X- and Y-axis / 2D Object element
h s, Station point / Spatial element .
I, Luminance / Light intensity element (contrast)
A, Chroma / Color element
t, Time / Physical- and Mental-time elements

0

The objective of this step is to allow for primary and secondary construction

\

of abstractions (Neisser, 1967), and the transaction betwefn visual percept

" and one's past experience should be facilltated.

&
%
Characteristic representations of this step in the video~tape segments

produced, are:

N



e

»

w24

73 fouanbaiy - 13 Loupnbaay = rdwuaﬁonum jJo sso]

z apn)

<

* UOTIERIOJU] JO SSO7 UOTSETWSURIL PIONPUI SIPaW ‘E-f danByy .

& .
+

- £ ovﬁuﬁaml<.l »nouumm“<< 19111) aineay

13

<T
s

é

0 @InTosqy




-25-

»

/
(NOTE: the use of 'system' in the presentation sections refers to a fluid

power control system, as it is used in this thesis-equivalent).
»
- Survey of location
-~ Survey of user
- Survey of production facility 4

- Survey of products

- Survey of purpose of 'the system, and its environment &

i
L

3.2.2 Perceptual Processing Step .n

In this stgp, information is trans’ferred in such a way, as to allow for a full’
"transaction" (Dewey, & Bentley, 1929). In the transactional approach to
vl;ual perception, the perceptual process emerges as a dynamic fusion

involving cues from the environment, assumptions, and action. The process

is one in which cues from the environment are related to assumptions, giving
ol ’ N

' rise to perceptions which are "prognostic directives" for action (Kilpatrick,
8

1952), Action based on perception has its consequences in relation to purpose,

which are reflected in the modification of assumptions and/or the bringing

" into play of different -ﬁsumptions. The material -in this step s

characterized by its centering on the learner's assumptions, brought about by
\ - ~
selection of the information pattern given, This step in the design of visual
‘\

information transfer is of a mechanicdl nature, it~is dynamic and/ analytical,

-~

" Whenever posslbl;, these "prognostic directives” will follow an analogy

N .

e e D e e A A a—————r Tt T [ T T e e e e Y
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between the Information transferred and the receiver's closest emotional

world, his or her humanﬂorganlsn‘i and bodily func;ions:.

Characteristic elements to ‘this design Sstep in the video-tape segments

- a

produced, are:

~ ) .
An overall, global visual presentation of purpose of the system

“ . " - [

A detailed, elemental visual presentation of purpose of the system

-
]

a

An analogy of purpese of the system to emotional world experiences

‘ o ’ . . ., . o ’ \
3.2.3 .Information Step ’ . \

. ®
. . . . .
~
. k N . “

’ The previous step focuses on the alteration of (unconscious) adisumptlons, and

©

the formation of "prognostic directives" for action, The aim wi'thin this step
J is the visual transfer of data, and the fo;\“matlon of .meaning. The affective
éducational objective is positive valuing and logical orgar'nizatlon of “."7’
information transferred, This step requires of the perceiver to become
actively invelved with the Ieiarning process, The visual and auditory stimuli
! ’ evolve around an analysis of the functions of elements, réle\{gnt to the

informetion. transferred, as well as to the process in control -and

B communication, between these elements (action-reaction), -

Y

Characteristic elements to this design step in the video-tape segments

.
, produced, are: oo »

o —

- Identification of all elements of the systen;

- Identification of functions of all elements -of the, system

-




x ' ’ 4 Vs

3 ) . .
- Low-level coded description of function of all elements of the system
4 3 . -

- [Identification of interaction betwgen the elements of the system

[SY
’

- Low-level coded description of interaction between the elements of the

”
}
system

-
.
[y
» W

3
v
2

1 3.2.4 Descriptive Step

4

-

The purpose of this step in - the encoded information transfer is to achieve a

ﬁb}"idglng be;welm the estabjished auditory ‘and vlsuaﬁlA coded .formation of
LA o o : ,
meaning, and other coding systems. This step is of a descriptive nature, and

introduces the relationship of the information transferred to general accepted
academic disciplines, The use of coding systems; appropriate to these
B i .

\ disciplines, permits at this stage the use of & low. level of ‘'perceptual

' reality', and a hi level of coding.. Examples of such coding systems are

' Y

matlﬂlematlc’a)l, chbmical, and mechan;géfl‘}{escrlptors.
Characteristic élementsvtx\this design step in the video-tape ‘segments
< \

9 [

-~

produced, are: - ‘\

-
I4

- High-level coded description of purpose-and function of system, such as
Y ‘'specifications of the systefn. A SN
- \High-level coded description of purpose anq function of the elements of /

. . . the sysfen), 'sucﬁ as specifications in sizing and sequential design.

” . 4 2

o



- assignment II using a_documentary style.

N\

-assignment Il and was intended

: ~28-
) . ' A i .
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.o 7 .
. B \ A} v
3.3 _Production Design g ;
, . . ,
3.3.1 Introduction N , ) /’

In partial fulfillment of this thesis-equivalent, and according to the
requirements followﬁxg thé curriculum as it is .outlined in~ Chapter\ 2, two .

short video segments were produced.
- . ',

The first segment was of a descriptive nature: It ln'troduced problem -

ol

~

The second segment was a cai?;gtudy introduction to problem
as sach, to .simulate a real . engineering

problem-situation in industry. '

3.3.2 Assignmgrft 1l

4

™, .
L , r ' ) .
Assignment 1l was related to the design of a hydraulic motion-system for a

light f,lrcfaft simulator. The intent of ‘the video-tape segment was to

———— .

introduce the § dents to (1) }He field of air-flight simulation in general, (2)

new developmenl leading to the 'design of light aircraft simulators in

.Aspeciflc. (37 the _requirements of, and actual hardware involved in the

'motion-systems used for large aircrift simulators, and (4) ‘the specific
’ N ’ -

e S PR,

st
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requirements which should be taken into consideration for the design. of a

motion-system for light aircraft simulators.

The .'video-taped documentary-style introduction wag used with

Assignment I, conform the curriculum. Assignment I is given in Appendix F.
( -
A treatmeng for the video segment was written, This treatment (see

Appendix D) was given as printed introduction to assignment II' for control to

v

group Il and.lIIL

¥

The treatment was, further visually developed, into a synopsis, conform

the four steps of the™strategy, as previously described in Chapter 3. This

synopsis is given in Appendix E, and presents:
%

mn A global‘ introduction to air-flight simulation, the training of

aircraft pilots, and the pr\oduction facilities at Canadian Aviation Electronlfcs;

{2) A global as well as a more detalled visual presentation of the

different elements, characteristic to air-flight simulators,
p

w

(3) Presentation of the different motions required, identification of the

elements of the motiqn’system, their functions, and the interaction between
P

ghem. . ) ;
{4) Specific technical considerations and requirements for the design of

a moiion-system for liéht aircraft simulators.

.~

The documentary-style d‘nature of this video-tape segment, implied the

use of on-location shot-lists. The actual script, was developed during

gff-line editing. The segment, in its final form is 6 minutes 26 seconds.

s .

S



3.3.3 Assignment 1l ’ ‘ )

»

' Assignment '[Il was related to the deslgn of an automated testing facility for
the ,testing of wafer -check valves. The intent of the video- \tye segment
was to introduce the students to (1) an industrial problem situation, {2) the
need for a satisfying solution to the problem, (3) an insight to the

environment in which the problem- arose, (4) and the considerations which

-

should be given to a possible solution of the engineering problem, specific to )

the envlronm&\nt of use. .
' - .

This case-study type video-taped introduction was used with Assignment

1I, conform the curriculim in Chapter 2. The assignment itself, Is given in

Appendix J. © f\ . . .

-

Again, a treatment was developed, which was the basis for the synopsis
and was used as printed introduction for groixp i1 for control

(see. Appendix ,G).

Using a case-study style approach in the design of the introduction,
simulating a real engineering problem iIn industry, and following the four
steps of the design strategy, the synopsis was developed (see Appendix H),

and presents:
N
(l) A global introduction to the need to improve the present testing

system of the wafer check valves, and an insight to the industrial sltuation.

-

%

(2) A global as well as a more detailed lnsight to the uctual testing

facﬁlty, amd the retiulrements for testing th% valves. < |

o
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T B ’

(3) Identification of all elements of a testing facility for wafer check
I

valves, their functions, and interactions.

\
‘ (4) Technical requirements, to be considered in the design of a

ajutomated testing facility for wafer check valves, -as well as requirements

Y

speciflc to the pneumatic control system.

In the production of .this segment, actual engineers ln" the field were

asked to role-play a part. The on-location schedule used, is given in

Appendix I. The video segment, in its final form is 14 minutes,



N

The following account outlines the formulation of the hypotheses and the
definition of the variables as well as the description of the procedures as

they were carried out for the purpose of evaluation of the production.

]

4,1 The Evaluation Question

As the purpose of this thesis-equivalent was to develop educational materials’
. Ay

.to stimulate creative thinking processes by increasing directed ‘motivation and

cultivating a more positive attitude towards productive problem-solving

e

behaviors, the evaluation questions wer7q&tid as follows:
‘ -~ C

1. Does a video-taped introduction’'to an engineering problem assignment

result in -a more productive problem-solving behavior of the student,

than a similar printed introduction to the assignment?

2. Is there a significant difference between a video-taped descrtbtlve
introduction and a video-taped case-study introduction of an
engineering problem, in the productive problem-solving behavior of

engineering students? ) @
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. 4,2 Definitions Y

L4

In the formulation of the hypotheses, the following definitions of the

concepts were used: )

Problem_assignment: Problem assignment, in this context, refers to the

assignment of an englnbfrlng problem in the field of flulg;%?wer control, In
. " ,

udﬁéh the student Is -expected to respondl ;n a professional manner with a

-

/
solution to the problem.

Video-taped fntroductlon:. refers, in this context, to a video-tape

-segment introducing a fluid-power control. problem assignment. The
video-tape segment Is expected to provide the students with at least the

information necessary for them to comprehend the full scope of the

*
problem,

[
.

Productive problem-solving: refers ‘to the response behavior of 'the

students in solving the problems given in the 'asslgnménts. Productive

problem-solving is characterized, according to- Jackson and Messick's "four

criteria of a creative product", by four response properties, (1) unusualness,

" (2) appropriateness, (3) transformation, and (4) condensation. ’

Attitude and motivation: refers, in this context, to the & dents'

attitude and motivation towards productively solving the assigned ‘problems,
and is assessed through the students' responses glve;\ in a és-ltem Semantic

Differential test.

[

<



Printed introduction: refers, in this context, to a written introduction
. to an engineering problem in the field of fluid-power control, in which the
stydent is expected to respond in a 'professlonal manner- with a solution to

the problem.

Level of simulation: Level of simulation, in this context, refers to a
- .
descriptive versus a c“gse-s;udy presentation of an engineering problem in the

video-tape Introduction to the problem assignment. R

4.3 Hypotheses

i . r
f '

With the above definitlons in _n{lnd the  hypotheses were formulated as

follows: ’
- |

H1 L ‘ V j

e

At _different levels of simulation, a video-taped introduction to a"fluid-power

%

control proble'm assignment has a significant ‘effect on the problem-solving

behavior of the student, in respect io unusualness in design pfocesg, over a
similar printed introduction

H2

, .

At different levels of simulation, a video-taped introduction to a fluid-power

control problem assignment has a significant effect on the problem-solving

:



.
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i

behavior of the student, in respect to appropriateness of design content, over

a similar brlntéd Introduction

*

v : »

H3

- At_different levels of ilmylatloh, a video-taped Intrdduction to a fiuld-power

control problem assignnient has a significant effect on the\p@gm-solving

behavior of the student, in respect to transformation in problem solutions,

over a similar printed introduction

\

He

. ]

At different levels of simulatior a'vldeo—taped introduction to a fluid-power

control problem h.ss!gnment has a significant effect on the problem-solving

behavior of the‘studc‘ent, in respect to condensation of design’ arguments, over

s

a'similar printed introduction

I~

4.4 Rationale for the Hypotheses
w

A

The theoretical justification for the hypotheses is ba‘sed on the lntroduc'tion

of a "sense of reality', to allow for adequate conditions of sensory contact

with the 'the real world', and the formation of .meaning (Norberg, 1953;

Kilpatrick, e.a., 1952). Furthermore, findings by Boud and Pearson (1979)‘ on
i

P ALY

- the ‘use of film as 'triggefid fports the use of an “audio-visual medium for

@




4.5 Subjects . | ) T

The subjects for this stu&y consisted of a total of 28 s;udents, who were
enrolled inL the course in ‘Fluid Power Control Systems du;-lng the winter
term of 1984, ‘as part of their Undergraduﬁe studies in Mechanical

Engineering at Concordia University in Montreal.

4

4.6 Measuring Instruments

F
Two measuring instruments were used. One was based on the assessment of

. .
* productive problem solving behaviors of the subjects (I) and the other on the
subjects’ motivational and attitudinal assessment followiné a

semantic-differential format {ilI).

4.6.1 Measuring Instrument (i) Ve

This measuring lmtmmen; Is based on‘ Jackson and Messick's "four criteria of
8 creative product” (1965). Jackson and Messick describe four major :esponse
properties as criteria fc;r productive problem solving behavior: (1) unusualr;es:s,
(2) appropriateness, (Ii) transform::lon, and (4) condensation. The judgmental
standards associated to these( response properties are, respectively, (1) norms,
(2) - context, (3) constraints, and (4) summary power (s)ce 'Figure 4-1). A

. 4-item 7-point rating scale based on these ’cﬂteria was apblled as

At e
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’
measurement instrument during the course of the study in the assessment of

proddctlve problem-solving behavior(see Appendix K, Measuring Instrument I).
For reasons of internal validity of the measurement instrument, the use of
"two or more t;atérs an;i the use ,°f the Kendall Coefficient of Concordance
were considered. The measurement instrument, however, would be applied by
the course instructor and. consistency in rating procedure had té be
considered paramqun't, in conformiity with the higher edu::atlon system,

o

4.6.2 Measu}lng Instrument (1)

/

This Semantic Differential test was used to assess the student's emotional
response towards each of the assignments used  during the course of stqdy.'
Basic to this measuring instrument are thirty-five 7-point scales, each of
which is lndependen;ly described by a pair of adjectives. The spar; wof most
of these scales is between an unfavourable and a favourable pole, and the

direction of the scales are randomized (see Appendix L, Measuring Instrument

m. - , e

L '

This ‘measuring instrument wa§ used in a study by Boltonliand Adderley
(1978) in the assessment of %tudent motivation during the development of
lndus;rtal case-studies for an electrical engineering course. A ’ similar
instrument was originally used by Musgrave and Smithers (1971) for a study
in student reactions to teaching .{nethc;dx.’ Bolton and Adderley adapted those
scales, not suitable for the assessment of motivation, by more suitable scales

“that had been used elsewhere by Hughes (1970) and Osgood (1964).

The measuring instrument was checked for internal consistency and a

<

\..—9"'-\?";;_:';
\
\

‘I
J




Sonr

Cronbach- reliability coefficient of 0.90

to be equally reliable statistically.

4,7 Evaluation Design

S

J
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was obtained. All scales were foupd

£

For the purpose of evaluation «in this study, a 3 x 3 factorial regression

design was used (see Figure 4-2). Treatment (X) was a test in the form of a

problem assignment with three

levels, assignment 1, assignment

N, and

/, ) .
assignment IIl. The moderator in this design (Y) was the format used in the

introduction of the assignments. . The moderator had 3 levels, a printed

- introduction, 8 video-taped descriptive introduction. and a“ video-taped

v

case-study introduction to the assignments (See figure 4-3 for the

distribution of the moderator variables over groupé and assignments).

Although the, students were not randomly 'aﬁsigned' to the three groups

specifically for the purpose of this study, but by virtue of their scheduled
4 s ‘

laboratbry sessions, the groups could be expected to be equivalent.

Control

v for invalidity through history, selection, and maturation was applied through

assignment 1 as pre-test (X1) with p < 0.05.

Gl

G2
G3

Figure 4-2. Evaluation

»

X1 Y1 01

X1 Y1 O4

X1 Yl O7

X2 Y2 02 X3 Y303
X2 YI O5 X3 Y3 06

X2 Y1 08 X3 Yl 09

[P ——



. . ' ‘ \‘ R N ’ . ' . ’ . -40-
v Analysis of Variance with repeated ‘measures was used for between-groups

s, !

main effects, between-tests main effects and Analysis of Covariance for

> }r&in fnteractlon effec% between groups and tests. '

: Gl = DESCRIPTIVE | |CASE-STUDY .
WRITTEN VIDEO INTRO | |vIDEO
G2= | INTRODUGTION
) ‘| INTRODUCTION | |WRITTEN
. 63 - ' INTRODUCTION| |WRITTEN
B | INTRODUCTTON _
> Tl > T2 > T3 : -
. . Q l
ﬁlgdre 4-3, Distribution of the Moderator Varjables L
% ' ¢ . »
| s o
S F
§ 4.8 Variables : . - ' ‘ . .

The variables were identified as follows:

4.8.1 Independent variables:

Problem assignment 1 (X1),

4

?

_ Problem aglgmﬁent I ()?2).

™
L]

Problem assign\ment I (X3).

RSP e
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o 4.8.2 Dependent variables: ‘ : -
S5 - Productive problem-solving assessment (O sl), - " /
M " » Semantic-differential test (O s2). ) .
4.8.3 Moderator variables’ o ]
’ - Printe&-introductlon to problem assignment (?fl),‘ . )
. . ' b
. £ T Video-taped 3cfescrlptlve introduction to problem assignment (Y2), - "
/_\/ . .« - Video;taped cas(e-study introduction to problem assignment_ (Y3). oot ': -
. S RN
K " 4.8.4 Control variables: ° : S S
L - Time-span between treatments (T1,T2,T3), I ; - -
=~ Student's previous academic achievement in f lulcl-jmwer’ contro} systems,’
~|.,,‘ l . N ' ' .
‘ ot - Terminal course objectives, . : ;e
‘ i :
~ h ! <« N
7 ;
- { ' ’ :
/ ! :
' ;

.0

>
'y




5.1 Data Collected . /\ . / :

The three goups used | for the purpose of L evaluation of this .shldy, were
previously assigned according to their laboratory session schedule (G, G2,

and G3). The three assignments were assigned, respgctively‘, in week 5, \;reek
9, and week- 12, accordln?f‘(::he time-table as outlined in the curriculum in
Appendix B (T1, T2, and T3) A.’algnmem I, which had a printed introductionﬁ
to the problem, was the same for all .three groups, and used as pre-test for
control of between-group differences.. Group 1 viewed a vldeo-t;iped
descriptive introduction to problem assignment II (Y2) and a video-taped
case-study introduction to problem assignment NI (Y3). Group Ii was given a
printed introduction to problem asslénment 1l (Yl? and viewed the same
video-taped case-study introduction to problem assignmelm I (v3). Group. I
had in all three ca;es 8 print‘ed‘ {ntroductlon to the problem assignménts
(Y1) |

‘Tbe assessfent of productive problem-solving behavior (measurement
lnstrrument 1) was applied bp the course fnstructor on the students’ work for

design process, design content, problem. solution and summary of design

&
L
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PROCESS ML M2 M3 Sl S2 S3

1 Assignment I 4,1