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Abstract application is to improving the traditional 
static textbook model. The question is 
how to do so appropriately. Data exist 
to show the superiority of computer-aided 
instruction (CAI) compared to textbook- 
based learning, for in compar- 
ing test among high-school students 
who for standardized exmina- 
tions, one group with textbooks and the 
other with test preparation 
software[ll. However, such data must be 

the improvement is due to effective use of 
the computer medium as opposed to other 
factors, e.8., better content preparation or 

ertheless, the positive contribution of the 
new medium is clear, as was demonstrated 

1 INTRODUCTION in a comparison of college students asked to 
answer the same set of questions on Third 
World development[2]. One group used a 
regular textbook while the other was given 

Same text but with capabilities: the 

A multimedia textbook on solid-state de- 
vice electronics is being developed. It is 
based on the understanding that the tra- 
ditional print medium is limited and ineffi- 
cient in imparting knowledge, in view of the 
dynamism and complex interactions possi- 
ble with multimedia technology. In this pa- 
per we discuss the motivation for this effort 

multimedia textbook. A demonstration ve- 
hicle will be presented in the form of an in- 
teractive courseware for solid state device 

and the philosophy in creating this interpreted to assess how mu& of 

on the pc platform- correlation to the standardized tests. Nevd 

For many years has 

revolutionize education by introducing new 
modes of teaching and learning. Under- latter yielded better scores. 
standing the impact of this new technol- 
ogy and effectively utilizing it are part of 
an evolving process. One obvious area of 

been recognized as having the Potenti’ ‘0 its electronic version, which contained the 

The motivation for employing multimedia 
to enhance traditional textbook is strong. 
However powerful are the insight and elo- 

book authors, the demonstration of dy- 
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namic behavior, complex multivariable in- 
teractions, and even simple experimenta- 
tions, are impossible in the print medium. 
Print is sufficient only for the visual- 
ization of static images and textual de- 
scriptions. In the traditional teaching- 
learning mode, such limitations can be 
circumvented through the use of creative 
classroom lectures , orchestrated demon- 
strations, and laboratory .classes. While 
these approaches are used and do help, 
their success usually depends on special cir- 
cumstances, and special individuals. What 
is needed is a more unified and structured 
approach to alleviating the deficiencies of 
the conventional print medium as a key el- 
ement in the teaching process. 

2 DESIGN 
PHILOSOPHY 

The idea of a computer-based textbook is 
not new (see, e.g., [3,4]). However, many 
are either simply hypertext translation of 
the static text (i.e., identical text with 
hyperlinks for cross-referencing, indexing, 
tagging, etc.) or are topic-oriented course- 
ware intended for tutoring or laboratory 
use. Furthermore, technological advances 
are rapid, and what was not possible or 
practical a few years ago now needs to be 
considered so that the full advantage of 
"multimedia" can be realized. The use of 
graphics, animation, sound and video in 
courseware has become feasible. A t  the 
same time we recognize that the success 
or usefulness of the multimedia textbook is 
not so much limited by the leading edge of 
technology as it is by user acceptance. In a 
study of instructional software accompany- 
ing books, it was found that three quarters 
of the readers had never used the software, 
citing personal, technical, economic and 

other reasons[5]. Technology-phobia limits 
the appropriateness of computer-based in- 
struction to a smaller segment of the popu- 
lation. The delivery platform also imposes 
a barrier against adoption - not everyone 
has a computer, or owns one with the nec- 
essary capabilities, or can conveniently get 
to one. 

As computer technology evolves into an in- 
tegral part of society, these problems are 
expected to diminish. However, it is always 
possible to misuse or abuse technology; we 
are all too well aware of text written in 15 
different typefaces or figures drawn using 
all colors of the rainbow simply "because it 
is possible". The equivalent in courseware 
development is to present a dizzying mul- 
titude of options which confuse more than 
teach. Those who can communicate well 
to computers still need to learn to com- 
municate well through computers. Good 
teachers are vital to the development of 
a multimedia textbook. It has been sug- 
gested metaphorically that on the road of 
computer-based teaching, if technology is 
the vehicle and education the passenger, it 
is "the arts, through a sensitive teacher, 
that should be the driver"[b]. 

Keeping all of this in mind, in developing a 
multimedia textbook, the paradigm to be 
followed is that of classroom interactions: 
how a good teacher brings a subject to life 
with sketches, graphs, by pointing and ex- 
plaining, etc. Animation and interactivity 
can be used to illustrate dynamic behav- 
ior, while audio augmentation can provide 
more striking effects resulting in better re- 
tention of the subject matter by students. 
The computer also makes it possible to per- 
form "virtual" experiments that may not 
even be possible in a laboratory setting be- 
cause of physical or cost constraints. In 
addition, the learning process is acceler- 
ated by hyperlinks which instantly bring up 
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reference or explanatory material whenever 
needed. In traditional textbooks, materi- 
als are forced to be arranged in a linear 
sequence of “chapter” even in the absence 
of clear logical dependence of any chapter 
on the immediately preceding one. With 
multimedia such restrictions do not exist, 
and more logical linking of different mod- 
ules of the subject matter in a dynamic, 
multi-dimensional manner is directly pos- 
sible. 

The textbook of the future should also en- 
hance the actual classroom experience by 
being operable in two modes: self-directed 
learning and lecturer-paced. The latter 
can include generating lecture notes[7] or 
allowing the lecturer to interact with the 
material in front of students in a class- 
room equipped with appropriate audio- 
visual equipment. Indeed with the coming 
of high-speed wide-area networks, a mul- 
timedia textbook can serve as a basis for 
interactive distance education. 

3 DEMONSTRATION 
VEHICLE - A 
MULTIMEDIA 
TEXTBOOK 

We have chosen the topic of introductory 
semiconductor device physics, a mature 
subject matter with several excellent text- 
books[8,9,10] available in print. Anima- 
tion is used to illustrate and to help vi- 
sualize dynamic behavior of the systems 
under study, such as bond breaking, the 
generation of electrons and holes, the diffu- 
sion and drift of charged particles, and the 
important difference between dynamic and 
static equilibria, etc. Animation is com- 
bined with interactability to allow a variety 
of simulated experiments to be performed 

by the users. Examples include the depen- 
dence of charge carrier density on changing 
temperature, the respective dependence of 
diffusion and drift current components on 
varying concentration gradient and electric 
field, etc. Such visual parametric exper- 
iments can distil information much more 
effectively than words, and help the stu- 
dent develop an intuition for the underlying 
physical principles. 

3.1 Knowledge organization 

In the demonstration vehicle, concepts are 
presented in a series of logically connected 
“slides” in a manner similar to the presen- 
tation of the same concepts in consecutive 
pages in textbooks. Hence slides are to 
lecture-based presentations like pages are 
to textbooks. While it is not necessary 
for each page to have defined themes, each 
presentation slide should be relatively self- 
contained with clearly defined themes. 

The desired grouping of the slides is de- 
pendent on a multitude of factors. Some 
of these are strictly logical groupings such 
as a series of slides showing the develop- 
ment of energy bands from discrete atomic 
states as crystals are formed from a collec- 
tion of isolated atoms, and finally leading 
to the idea of an energy gap separating the 
conduction and valence bands in semicon- 
ductors. Icons are provided for the users to 
move freely along this linear chain of slides. 

Oftentimes, it is not necessary to derive 
a concept starting from the most funda- 
mental ideas because the latter are rela- 
tively well known to the students so that 
their inclusion would be disruptive to the 
continuity of the presentation or would 
make the presentation less “appealing” be- 
cause of the lack of apparent “sophistica- 
tion”. Hence a hierarchical organization is 



103 

adopted in which concepts are explained in 
terms of more fundamental ones and the 
meanings of which are assumed known to 
the students. If it is desired to elaborate on 
these fundamental concepts, the explana- 
tion can be invoked (or “referenced”) at any 
time during the presentation by “clicking” 
instances of the representations of these 
concepts in the presentation slides. Such 
instances may appear as keywords, graphi- 
cal icons, etc. Once invoked, a new series of 
presentation slides dealing specifically with 
the fundamental concepts in terms of yet 
more fundamental ones will be activated. 
This process can be repeated indefinitely 
until the level of the most basic concepts is 
reached. 

This idea is illustrated in Figure 1 where 
the energy band diagram of a typical semi- 
conductor is shown. For students who al- 
ready have the basic understanding of the 
energy band theory and the definitions of 

, etc., they can move 
on to the adjacent presentation slides by 
“clicking” on the “previous” or “next” but- 
ton shown in the bottom of the Figure. 
However, for the students who are not yet 
familiar with these concepts and want to 
learn more about them, they can click on 
the labels “EC”, “Ey”, or “E,” to invoke 
explanations of these concepts. A “return” 
button similar to the one shown in this slide 
will also be available in the invoked slides so 
that once the students are satisfied with the 
explanation, they can return to the “refer- 
encing” slide by clicking on the correspond- 
ing “return” button. 

UE,”, UE 9 )  and &&E,,? 
U ,  

It is clear that the more fundamental a 
concept is, the more general it becomes. 
Hence, it will be encountered in and refer- 
enced from various presentation slides from 
different levels of sophistication. Each time 
the explanation of the more fundamental 
concept is invoked and finished, presen- 

Energy Bands 

‘. 
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Figure 1: Energy band diagram showing 
interact ion icons. 

tation will be resumed from the particu- 
lar slide from which the concept is refer- 
enced. This “layered” approach allows the 
students to probe progressively deeper into 
the foundations of any chosen topic and to 
stop at the appropriate level of explanation 
desired by the students. 

The hierarchical organization of the presen- 
tation slides not only makes it possible to 
match the “sophistication” of the lecture to 
the level of the students, it also makes good 
pedagogical sense since fundamental con- 
cepts are always referenced by higher level 
concepts which not only set the context but 
also provide the “motivations” for the in- 
troduction of the more fundamental ideas. 

By providing suitable “entry points” to 
different levels of the top-down hierarchi- 
cal organization of the presentation slides, 
traditional divisions of “topics” such as 
pn junctions, field-effect transistors (FET), 
and bipolar junction transistors (BJT), 
etc., can be retained. Figure 2 shows such 
a presentation slide in which the different 
topics in the multimedia book can be se- 
lected. 
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Figure 2: Hierarchical organization and the 
section of the device electronics “topics”. 

Furthermore, user-defined logical linking 
of smaller self-contained topics is imple- 
mented to enable self-guided learning of 
the subject matter. For example, while 
the topics of pn junction and metal-oxide- 
semiconductor (AIOS) capacitor do not 
have strict relative logical precedence, both 
should be preceded by the treatment of the 
band structure and its behavior under an 
external electric field. Thus the sequence of 
band structure-pn junction-BJT can be fol- 
lowed while skipping the topic of MOS ca- 
pacitor or the path of band structure-MOS 
capacitor-MOS FET can be followed while 
skipping the topic of pn junction. 

3.2 Interactivity 

Interactivity is already needed with the 
knowledge organization presented in the 
previous Section. Interaction icons are pro- 
vided to allow users to move along pre- 
sentation slides, to “jump” to a more fun- 
damental level of explanation, and to “re- 
turn’’ to a higher level of presentation, etc. 

It can also be used for performing simu- 

lated experiments. Thus by providing an 
interactive means to change a certain set 
of input variables, such as the bias across 
a pn junction, students can “observe” the 
induced effects, such as the change in the 
band bending across the junction. Figures 
3a, 3b, and 3c show examples of the band 
diagrams at bias levels of - lV (reverse bias), 
OV, and 0.5V (forward bias), respectively. 
For different user-defined settings on the 
“voltage dial”, the corresponding band di- 
agrams will be different. Depending on the 
specific dial setting, one of these diagrams 
will be shown. 

As an illustration of the different levels of 
“sophistication” of the present ation, the 
band diagrams equivalent to those shown 
in Figure 3 are depicted in Figures 4 and 
5 for “long” and “short” carrier lifetimes, 
respectively. The variations of the electron 
and hole quasi-Fermi levels across the junc- 
tion and their dependence on the lifetimes 
are explicitly shown. These variations are 
deliberately left out in the more basic level 
of explanation given in Figure 3, where the 
majority carrier quasi-Fermi levels are not 
extended beyond the space charge layer. 

While it is true that simulated experiments 
cannot replace physical experimentation, 
they do sometimes complement the lecture 
presentation either because the inclusion 
of physical demonstration is disruptive to 
the lecture or because physical experimen- 
tation is not adequate or even impossible in 
the illustration of some abstract concepts. 

3.3 Multimedia effects 

Besides embedding interaction capabilities 
in the texts, figures, tables, and graphics, 
all of which are means available to the tra- 
ditional print medium, audio effects, ani- 
mation, and video can be exploited much 
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Figure 3: Energy band diagrams at (a) - 
1V reverse bias, (b) OV bias, and (c) 0.5V 
forward bias. 

r) r 1  

Figure 4: Variation of the quasi-Fermi lev- 
els for a reverse-biased pn junction with 
“long“ carrier lifetime. 

Figure 5: Variation of the quasi-Fermi lev- 
els for a forward-biased pn junction with 
“short” carrier lifetime. 
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more thoroughly and effectively in multi- 
media based presentation slides. 

Some subjects, like the study of audio engi- 
neering or music, can benefit naturally from 
the inclusion of audio effects. But even a 
“silent” science like device physics can ben- 
efit from using sound effects to supplement 
textual explanation or to dramatize visual 
effects such as graphics or animations. 

One of the most powerful techniques avail- 
able to multimedia but not to the tra- 
ditional print medium is animation. No 
longer limited to simple mathematical 
derivation of the behavior of dynamic sys- 
tems, the derivation can be supplemented 
by “visualizing” in multimedia the actual 
behavior of the system using animation 
rather than static images. The best that 
can be done in the traditional print medium 
is to use a series of static images at different 
stages of the development of the dynamic 
system and to call upon the power of imag- 
ination of the students to fill in the missing 
links. With animation, such limitation is 
removed and a deeper understanding of the 
subject matter can be achieved. 

One example of the use of animation to il- 
lustrate properties of a dynamic system is 
the concept of dynamic equilibrium across 
an unbiased pn juction as opposed to static 
equilibrium. If a “picture” were taken of 
a system in dynamic equilibrium and com- 
pared to that of a system in static equi- 
librium, no difference could be discerned. 
With animation, the concept can be nicely 
illustrated by showing the carriers in mo- 
tion and that equilibrium is achieved by 
balancing the “drift” and “diffusion” of car- 
rier. 

4 SUMMARY 

It is apparent that the traditional text- 
books fail to meet the expanding needs 
to present increasingly complex techni- 
cal material to increasingly inhomogeneous 
groups of potential readers. The static, lin- 
ear nature of such texts have led to the 
production of a large numbers of alterna- 
tive texts, all trying to perfect the linear 
presentation format. Mere translation of 
a standard linear-text format to hypertext 
can help make the reading process more ef- 
ficient. But to take full advantage of multi- 
media to improve the reaching-learning dy- 
namics in the textbook of the future, we 
must learn to effectively utilize the power 
of animation, interactivity, and the multi- 
dimensional nature of multimedia technol- 
ogy. This work is one such attempt. 

5 REFERENCES 

[l] H.V. Knight, L.J. Acosta, and B.D. An- 
derson, “A comparison of textbook and mi- 
crocomputer instruction in preparation for 
the ACT,” Computer-Based Inst., vol. 15, 
no.3, pp.83-87, Sum. 1988. 

[2] R. Riding and P. Chambers, “CD-ROM 
versus textbook: a comparison of the use 
of two learning media by higher education 
students,” Ed. 8 Training Tech. Int., 
~01.29, no.4, pp.342-349, Nov. 1992. 

[3] S. Brandt and H.D. Dahmen, Quan- 
tum Mechanics on the Personal Computer, 
Ber1in:Springer-Verlag, 1989. 

[4] D.C. Jain and F.R. Pomilla, “Electronic 
textbook: a model CAI system,” Conf. on 
Co,mp. in Physics Ed. Proc., Redwood 
city, CA, p.586, Aug. 1988. 



107 

[5] R.F. Vernon, “What really happens 
to complimentary text book soft ware? ,” J. 
Computer-Bused Inst., v01.20, no.2, pp.35- 
38, Spr. 1993. 

[6] J.D. Burnett, “Who’s in the driver’s 
seat? technology, the arts and educa- 
tion,” Computers 8 Educ., vol.18, no. 1-3, 
pp.149-154, Jan.-Apr. 1992. 

[7] B.L. McManis and L.W. Shell, “Explor- 
ing the ’electronic textbook’: computerized 
lecture notes for student access,” 7th Ann. 
Info. Sys. Ed. Conf., Dallas, TX, p.234, 
Oct. 1988. 

(81 B. G. Streetman , Solid Stute Elec- 
tronic Devices. 2nd ed., Englewood 
C1iffs:Prent iceHall, 19SO. 

[9] R. S. Muller and T. I. Kamins, Device 
Electronics for Integrated Circuits, 2nd ed., 
New YorkWiley, 1986. 

[lo] E. S. Yang, Microelectronic Devices, 
New York:McGraw-Hill, 19SS. 


