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Abstract—This paper presents an integrated view of teaching or Computer Engineering program. However, this paper’s fo-
and learning to address some of the obstacles to learning cus is quite different from previous works which usually con-
Computer Networking effectively. This view specifically addresses sidered a particular aspect of teaching activity, such as hands-

teaching and learning activity integration, peer integration, and K icul . Instead. thi tt t
teaching and assessment integration. As a result of this view, on work, or curriculum issues. Instead, this paper attempts

this paper prescribes effective approaches for lecturing, analyti- t0 give a more holistic treatment by considering all teaching
cal problem-solving, experimental problem-solving, group-based and learning aspects. The main thesis is that all teaching and

learning, and assessments. These approaches have been applied tearning activities, individually and corporately, are essential
a foundational course on Computer Networking offered to junior to effective teaching and learning of the subject. In particular,

students of a typical Computer Science or Computer Engineering s . .
curriculum. Students’ feedbacks on the effectiveness of thesethese activities need to be integrated in a more thoughtful

approaches are reported for a small class (54 students) and amanner to yield the most effective learning outcome.
big class (168 students). The feedbacks also show that students’ . . . P
interests in Computer Networking are more dichotomized after A- ldentifying learning and teaching difficulties

taking the foundational course. “Why is it (not) so difficult to learn Computer Networking?”
is perhaps the first question that we as educators should ask
ourselves (and our students). One of the obvious answers is

Computer networks and the Internet have already beco@iecourse to do with the rapid advances in the field. Only ten
the most critical infrastructure today for information dissenmyears ago, one undergraduate subject and one postgraduate
ination, business transactions, human communications, costibject were perhaps sufficient to provide a reasonable cover-
puter games, scientific computation, and even national securitge. Today, however, an entire undergraduate program can be
Moreover, computer networks are ubiquitously deployed fevoted to Computer Networking, and its associated subjects,
many other commercial sectors, such as automobiles, sns&uth as economic and social issues. Many Computer Network-
highways, smart clothing, smart appliances, and coffee shojsg topics have also quickly developed into separate subjects,
just to name a few. As a result, there is a pressing neednetably Wireless and Mobile Networks, Optical Networks, and
equip students on both undergraduate and graduate levels Wgiwork Security.

a solid foundation in the field in order to further foster and From the educators’ point of view, it also becomes increas-
flourish its development and applications. ingly difficult to teach the subject effectively, partly because

However, in many ways Computer Networking education i€ Internet's success has attracted students with various
still in an exploratory stage. For example, we have seen feackgrounds. Thus, itis hard to provide one class for all. Even
the last ten years many different approaches adopted by vafiaong students with similar educational backgrounds, say
ous textbooks—analytical [1], bottom-up [2], engineering [3[Fomputer Engineering students, some of them may have taken
system [4], balanced-view [5], visual [6], and top-down [7]professional examinations, such as Cisco’s CCNA, before
Whether these approaches can effectively facilitate studeragending a first course on Computer Networking, while others
learning are yet to be seen and evaluated. are not even able to expand the term TCP/IP.

As the content of the field continues to increase in a very Besides the issues related to the forever changing nature
rapid rate, it is also very important to identify a minimal se@f the field (at least for now) and heterogeneity in students’
of core principles to teach undergraduate students, and thackgrounds, there are quite a number of obstacles to teaching
has been discussed in the ACM Workshop on Networkir@nd learning Computer Networking effectively, as outlined
Education last year [8]. Moreover, there is increasing effopelow.
on providing hands-on experience to students through morel) The principles underlying Computer Networking are
traditional laboratory sessions/courses, implementation of net- intrinsically very complex. The layered model helps
working hardware, simulation tools, and socket programming.  understand and manage the complexity. But very soon

This paper considers a foundational course on Computer students find out that this layering approach has its
Networking for junior students in a typical Computer Science  own inadequacy. For example, the layers are not really

I. INTRODUCTION



2)

3)

4)

5)

6)

independent of each other, and a network layer could be
degenerated into a data-link layer, e.g., IP over ATM.
Therefore, getting the whole picture correctly is alread
a challenge to many students.

Computer Networking concepts and protocols are also There must be a set of objectives to achieve in any course,
very abstract to many students. For one, they cannot dpeluding Computer Networking. These objectives and their
typical networking equipments, and visualize packef%{der influence how the course is conducted in every as-
and protocols for themselves during lectures. For eRect. For example, if the objectives are mainly for training
ample, talking about a LAN switch without seeing ondesearchers in the field, the course should perhaps put more
is already a hinderance for many students. ExaminirﬂjnphaSiS on the theoretical foundation, such as protocol
the kernel code without a prior understanding of hoorrectness and performance issues. On the other hand, if the
the protocols work helps very little. Computer animatiofPjective is mainly to meet the industry’s needs, more practical
alleviates the problem to some extent, but it may not BE&ining, whether socket programming or network setup and
able to equip students with the ability of conceptualizingi39”05i5= should be included to enhance students’ marketable

other more abstract concepts on their own. skills. _ _

Unlike Computer Programming and Computer Archi- This article considers a first course on Computer Network-
tecture courses, for example, resource provision f8td offered in the junior year of a typical Computer Science or
hands-on practical experience in Computer Networkirfgomputer Engineering curriculum. In what follows, the dis-
is problematic. A Computer Networking laboratory, if€ussion will be based on the course that | have been teaching
available, usually has a ready-to-use computer netwdf the last ten years in The Ho_ng Kong Polytechnic Universi_ty
on which students can conduct various experimen{@]- Although there are clear differences between my teaching
However, students should also be expected to kndevironment and others, | will attempt to concentrate on issues
how to set up a computer network from scratch aftdépat, | believe, are common to similar courses offered in other
taking the course, very much like knowing how to writécademic institutions. _ _ _ _
programs after taking a Computer Programming class. The overall objective of this course is to equip students with
But it is not quite possible to provide adequate resourc@sSOlid background in the field, so that they may continue to
to achieving that in many academic environments. develop their professional career or further study by taking
Many terminologies and acronyms are introduced af@ore advanced courses or engaging in academic research.
used in the field, and some of them are very similar, e.g.herefore, mastering of the main Computer Networking prin-
ARP and ARQ. Worse yet, these terminologies are ofté#Ples and acquiring of practical skills are both important. The
not used consistently, especially in the industry, e.gPecific course object|ve§ are.

hubs, switches, switching hubs, port switching hubs, and1) Understand the major problems encountered at the data-

path which is in contrast to a rigid top-down or bottom-
up sequence.

B. Course objectives

segment switching hubs. Students, on the other hand, are
more used to clear and formal definitions. For example,
many students in my class are very perplexed by the?2)
term round-trip timewhen it is first mentioned during
the subject overview.

Some of the networking problems are difficult to com-
prehend and appreciate due to students’ common lack4)
of practical experience. It is generally not difficult for
undergraduate students to understand the access netwo®)
technology, because almost all of them have experience
of assessing the Internet via ISPs and LANs. However, it 6)
is relatively difficult to comprehend the scalability issues

in inter-domain routing and the importance of traffic 7)
engineering.

The sequence of coverage can also affect students’
learning significantly. Computer Science students are8)
perhaps more comfortable with a top-down approach
while engineering students may find the pure bottom-
up approach more logical. In either case, it is bound to 9)

3)

link layer (framing, error detection, reliability, multiple
access) and the respective solutions.

Understand the principles of packet, circuit, and virtual
circuit switching methods, and their intended uses.
Understand the design issues in a layer-two switched
network through the example of switched Ethernet.
Understand the internetworking problem and the moti-
vation for a layer-three switching solution.

Understand IP forwarding and routing problems, and the
respective algorithms and protocols.

Understand end-to-end issues, arguments, and protocols
through the example of TCP.

Understand some application layer issues, such as data
formatting, data and network security, and name ser-
vices.

Understand inter-layer issues, such as data encapsula-
tion, address translation, fragmentation, and error detec-
tion.

Acquire basic socket programming skills.

have missing information, which is yet to be revealed10) Acquire practical experience in setting up an IP network

later, in order to complete the entire storytelling of the

and using of network diagnosis tools.

Computer Networking internals. Unfortunately, students In the next section | first describe an integrated view of
may stumble on these missing information. Thereforégaching and learning for the foundational course on Computer
a good sequence of coverage may follow a “nonlineaNletworking. Sections Ill and IV discuss in details how this



and the receiver-side ambiguity problem in sliding window
protocols. Another aspect is to deepen students’ impression
on the topics by letting them visualize packets and how

Analytical Experimental .
K problem-solving problem-solving Group- protocols work for themselves. Thus, both analytical and
SSEess- . . e
ment l:‘rfjjg experimental problem-solving activities can enhance students’
Lectures and self-reading understanding of the networking concepts. By participating

in the experimental problem-solving activities, students also
Fig. 1. An integrated view of five major teaching and learning elements2Cquire practical skills of building up a computer network and
diagnosing network problems.

Across these two layers are group-based learning and as-
integrated view affects the lecturing and problem-solvingessments, which are discussed next.
aspects, respectively. Section IV also discusses group-ba&edp . .
learning and assessment which have been identified as an eer integration
important component under the integrated view. Section 5The best teaching assistants that a teacher has are in fact
presents the learning outcomes resulted from applying tBildents themselves. Therefore, one of the teacher’s important
approaches discussed in sections Ill and IV for small and larggsponsibility is to facilitate student-student interaction, in
classes. Finally, section 6 concludes this paper with a futuggdition to teacher-student interaction. A simple approach is to
work on adopting the experiential learning approach to thigrm study groups at the beginning of the course. Each group

course. is encouraged to attend lectures and tutorials together, and to
work on assignments and class projects together.
Il. AN INTEGRATED VIEW OF TEACHING AND LEARNING Another motivation for peer integration is that we as teach-

To address the teaching and learning difficulties presentets are often unaware of students’ learning difficulties, mostly
in section I, a promising approach, in my view, is to takbecause we are so familiar with the subject materials already.
an integrated view on all the elements in the entire teachikige have therefore forgotten the difficulties experienced during
and learning process. That is, it is inadequate to simpilye learning process. Students, on the other hand, are more
strengthen one element, such as providing more handsaapable of understanding their peers’ learning problems, and
experience, while neglecting other important elements. ®sticulating them, to say the least. Moreover, other equally
be more specific, there are three types of separations thaportant benefits of the peer integration include mutual
prevent one from viewing the teaching and learning in @ncouragement, support, and stimulation.
more integrated manner—separation between various teach©ne of the study groups in my last year's course even
ing and learning activities, separation between students dame up a very innovative way of “studying together.” They
the class, and separation between teaching and assessmeéivise-and-conquered the course content by having each group
Pictorially, Fig. 1 depicts an integrated view of the fiveanember concentrate on some part of the syllabus. By having
major elements: lectures and self-reading, analytical problefexperts” for all topics in the syllabus, the whole group was
solving, experimental problem solving, group-based learningble to understand much more than studying alone. More
and assessment. details on study groups can be found in section IV. In fact, peer

] ] o ) integration, or better known as peer learning or collaborative
A. Teaching and learning activity integration learning in the education sector, has been studied and applied,

The middle part between assessment and group-based lefon-example, to introductory computer programming courses
ing in Fig. 1 refers to the teaching and learning activitj10].
integration. Although the teaching and learning activities are ) . .
quite standard, the purpose of each activity and their intér- T€aching and assessment integration
relationship must be carefully thought out and communicatedTeaching and assessment are the two main components in
to students. any course. Owing to the common understanding of the two

The main foundation (the lower layer) is still based osomponents, teach-and-then-assess becomes the usual practice.
teacher’s lectures and students’ self-reading. Owing to the liffibat is, a number of topics is first taught (and assignments
ited lecture time, the lectures must concentrate on big issuggen), and then followed by quizzes, mid-term tests, and
and motivations, and provide more thatireear treatment of examinations on the covered material. | therefore call this
the subject material in order to facilitate students’ self-reading.teach-then-assess cygclend there are usually several such
As will be elaborated more in section Ill, there are many dotsycles throughout a course.
and don'ts in an effective lecture. A strict segregation view of the two components, in my

The second layer is the problem-solving layer. This lay@&pinion, does not represent the best view to teaching and
intends to deepen the learning in both the conceptual undigarning. First of all, the purpose of assessment is not only to
standing and practical skills. One aspect of deepening isdiscriminate students’ understanding on the course materials,
delve into important details that cannot be treated adequatsty that different grades can be assigned. More importantly,
during lecture hours, such as important properties of CR&Gsessment should be used by a teacher to unearth learning



difficulties, so that they can be addressed promptly by perhape scenario where more than one student in the class ask
giving more examples or assignments. Therefore, assessmenesstions at the same time. These “messages” are not going
must be imbedded in the teaching and learning activitiés be received correctly by all, and they are “collided”. When
throughout the course, in addition to those formal assessmemtglaining the CSMA/CD as a solution to the MAC problem,
One way to accomplishing this type of integration is tthe same analogy can be used—each student can immediately
interact actively with students during lectures, and another isask his questions only if he “senses” that the channel is not
work on the written assignments together with students (maneed by anyone else. Of course, two or students may speak
details can be found in the next section). These teacher-studanthe same time, resulting in collisions again. This kind of
interactions allow a teacher to assess students’ progress smditive explanations can help students comprehend the nature
discover learning problems immediately. of the problem and the essence of its solution immediately.
Ill. L ECTURING. AN ART OF EXPOSITION C. Making them relevant

Someﬂme; we have been so used to giving Iectqres thatStudents are usually more motivated to learn if they can

we do not think deeply about the purposes of lecturing arg%e

. . . N X . the relevancy of the subject to their daily lives. There are
Its relatlor_1 with ‘?”_"?r act|V|t|es._ Compafed with other teaChIn§’everal ways to accomplishing this during lectures. If possible,
and learning activities, lecture is tloaly time where a teacher

. Lo at the beginning of each class, we ask students to name one
meets withall students, and this time is not very long (2 hou.rl'smportant news related to Computer Networking during the

: . Week. One recent example is the root DNS servers’ out-
as_wel_l as for Iearn_lng during Iec'Fures, | suggest that the MR service during a denial-of-service attack, which serves an
objectives of lecturing should be: excellent example to explain the importance of DNS caching
1) Define and explain the problems at hand clearly, inclugs the Internet stability. Another example took place on a
ing why some obvious solutions do not work. weekday in Hong Kong when all ongoing K12 classes were
2) Explain the networking concepts and protocols in @ Moffsmissed due to a heavy rainstorm warning. The mobile
Intuitive manner. _ _ phone network (and some fixed phone networks as well) was
3) Register a clear framework in students’ minds to relajgmediately jammed by parents’ calls. This event serves as a
different networking components. real-life example to reveal the scalability limitation of circuit-
4) Attempt to make the networking topics and problemsyitched networks, and at the same time demonstrate the

relevant to students. _ _ versatility of packet switching (all the email facilities were
5) Communicate interests and enthusiasm in the subjegf working at that time).

matter.
6) Assess students’ learning outcomes by actively interagy: Registering a framework
ing with them.

. . Whether a top-down or bottom-up approach is used, many
Of course, anything that prevents us from achieving the aboé’t%dents begin to lose the entire picture as we move across
can be classified as don'ts.

the layers. In addition to understanding the concepts relating
A. Defining the problems to a new layer, students also need to know how this layer

According to my own experience, | cannot over-emphasif T8 L E TEE BIVESY LER O S
the importance of taking time to define problems. A majoF g y help

factor responsible for not fully understanding ne,[Workinrelationship between different networking. technologies. | have
protocols, which are essentially solutions to some networkir% FSO”a”V fo_und f[he _framework used in [4] very helpful,

problems, is an incomplete understanding of the proble ich starts first with directly connected hosts, and then move
addresseéj A prime example is perhaps the internetworki indirectly connected hosts. In the latter, there are two cases
problem Why do we need an internetworking solution ggconsider: connecting homogeneous data-link networks and

et thee? i order to understand ths protie, one negiT AN Delegencos e nk etuors, Pl tmoves
to explain the problems connected to a layer-two solutio Y '

i.e., scalability in terms of network size, problems of bridg@gam and again, especially when moved to a new chapter.

ing various data-link networks, and incompatibility betweefr 2dually, students are able to remember this framework

MAC addresses. Therefore, understanding the internetworkiW&hOUt going through the textbook and notes.

i;?Srsoubslgn thoroughly requires an understanding of the Iayer-t\@ Making them interesting
o S One important objective to achieve in any course is to instill

B. Explaining them intuitively interests in students. At the end of the course, we hope to
To lecture effectively, one has to explain problems angke that most of students, if not all, are more interested in
solutions intuitively. An effective approach is to teach th€omputer Networking (pursuing it as their careers is another

unknowns based on the knowns. For example, to explain tmatter). Interests and enthusiasm, like the knowledge, need

multiple access problem, | often ask my students to think abdot be communicated. Therefore, while teaching the subject



content, the teacher unknowingly also communicates his in-3) Understand the differences between a layer-three’s view

terests in the subject. Sometimes, some object lessons would of the network and a layer-two’s.

be helpful for making the subject interesting. | have been4) Understand hop-by-hop IP packet forwarding through a

using LEGO blocks (and other visible objects) to illustrate proxy ARP example.

the concept of network layering and data encapsulation. It was) Understand how IP routing discovers a new path to the

very effective—everybody (around 170 students) watched me Internet when the existing path is not available with the

as | manipulated the LEGO blocks, and listened intently to  help of ICMP.

my explanation of the concept. Besides, there are other analytical problems that even intro-

. . duce new problems and issues to students, e.g.,

F. Interacting with the learners 1) Understand the ambiguity problem at the receiver in
Interacting with students during lectures increases students’ a sliding window protocol when the sequence number

participation and attentiveness, because they know that they space is not large enough.

are part of the lecture. Teacher and students interact mainl\2) Understand why Request-to-Send and Clear-to-Send

through questions. Questions initiated from students should messages are not sufficient to prevent frame collisions

be turned around and addressed to the whole class, because in a wireless LAN.

most likely other students would have the same question. Or3) Understand why variable-length subnet masks may

the other hand, teacher should always prepare good questions cause forwarding problem if the routing protocol does

to ask students. Good questions sometimes also challenges a not support subnet masks.

already-know learning attitude. For example, after presenting4) Understand the impact of the duplicate IP address prob-

the IP fragmentation and path MTU discovery approaches to lem.

handling heterogeneous MTU values, | asked my students5) Understand why an increase in the initial TCP window

which approach was taken by IP. As predicted, those, who size may not help increase the connection’s throughput.

are familiar with the topic, would pick fragmentation. To their Since the assignments serve to deepen students’ understand-

amazement, both are actually used by IP: fragmentation ipy, they are not left as home-work. Rather, assignments are

IPv4 and MTU discovery by IPv6. meant to be tutorial-work; that is, | work on the assignments
with students during tutorials. In my academic system, a one-
IV. PROBLEM-SOLVING: A DEEPENING EXERCISE hour tutorial is scheduled every week, which is similar to

Lectures and Se|f-reading provide a genera| understandr@itations in the States, and it is conducted in small class size
to the networking principles, while problem-solving activi{20-30 students). Therefore, the tutorial sessions are usually
ties deepen the understanding by |nv|t|ng Students to apwry interactive and I|Ve|y StudentS are inVited to ShOW and
the principles learned to tackle specific problems. TherefoXplain their answers. For more difficult problems, | would
problem-solving learning takes students to another level whéf@rt by giving some leads and then invite participation from
the general networking principles can be further explainégudents.
and expounded. Very often, after going through the problem-There are many benefits in thisroblem-based learning
solving exercise, many students realize their understanding™fst, this is the best way to understand what students do not

the networking concepts is not thorough and in-depth enougtnderstand and misunderstand, when they give a wrong answer
or give a correct answer based on an incorrect understanding.

A. Analytical problem-solving After each tutorial, it usually dawns on the students that

The first type of problems solving is analytical in the senstgere are so much depth into many networking issues and
that the problems can be analyzed based on the principP gblems. Second;rqcess m_odellmgakes plgce throughout
presented in lectures and textbook. These problems incIL} & teachgr—student interaction during tutorials, and studgnts
simplemathematical derivations of the properties of algorith Serve flrst-_handedly how | app_roach a problem, start|_ng
and protocols, protocol design issues, network configurati [ the beginning and then solving the whole problem in

problems, etc. The analytical problems are given to stude ?g!cal steps. Honestly, this part is much more interesting than

as assignments and mid-term tests. Since the assignm&?tlgve”ng the lectures.
are not meant for testing students’ general understandingBf Experimental problem-solving

the networking principles covered in lectures and textbook, onother type of problem-solving activities consists of prac-
they are not straightforward problems. One class of problefsg| works, such as socket programming (as assignments), lab-
intends to give a more in-depth treatment to some networkiggstories on application protocols (HTTP, SMTP, and DNS),
concepts and principles, e.g., and a class project. The first two are conducted in the
1) Understand the key properties of CRC, e.g., conditiohgginning of the course, because they do not require much
for detecting single-bit errors, double-bit errors, oddnderstanding of the underlying networking principles.
number of errors, and burst errors. Although the socket programming assignments and labora-
2) Understand the differences between layer-two broadcssty sessions are useful, they do not allow students to interact
and layer-three broadcast. with the “kernel” of a computer network. Therefore, | initiated



a class project three years ago to let students experiment
with a “personal” computer network throughout the course—
each group is expected twork on their own network in ost oo 70) Host £ (et 7.0
parallel to the course’ progression. However, the amount of 192.168.0.3 192.168.05
resources required for supporting 170 students is obviously :
very demanding, in terms of both equipments (PCs, hubs,

NICs, etc) and space (space is extremely costly in Hong 192.168.1.1

Kong). Finally, | have come to the conclusion that the only T e
solution to resolving the resource constraint is to “bring the Host 2 (Redhat 7.0) ‘ o Intornet via PP network
networking laboratory to where students are.” That is, each

group is responsible for finding their own machines, OSes,

networking equipment, and space. Although it sounds like aFig. 2. A minimum network setup for the group-based class project.
very difficult task, all groups in the past two years were able

to find all the resources and finish the project.

| 192.168.0.1

The first part of the group project is to configure a private i avariovs speet PP Ik Network 1
network (situated in students’ homes) connected to the Internet & Suomeryy uretser & Star Topotogy esing suitch
and the systems are usually based on Linux or BSD. A 165 160 1 024 P Lk
192.168.2.0/24

minimum set up, as depicted in Fig. 2, includes two subnets—
a shared-medium LAN (Ethernet) and a PPP network, and

)

RedHat 6.1

a Linux system is configured as a router that also performs i AR
X ulti-homed Server wif ” g
NAT. Advanced students are able to configure more complex NIGS & a modem (== f T\ 192.168.1.3 4192.168.1.8

Both-using Windows 98

networks and services, such as that in Fig. 3. Starting from , == N ——

this year | have asked students to configure an IPSec tunnel / \, )
between two such private networks. In the process of setting |
up the network, students pick up practical skills of diagnosing
network problems and finding solutions to them.

The second part is to reinforce the principles learned in
lectures by performing various experiments on the network. In
other words, the hands-on experiments draw students closer to
the Computer Networking principles, because they can now
visualize how protocols work for themselves. For example,
they will find out from this set of experiments

1) The effect of frame collisions on an Ethernet network’s

mdk
192.168.2.2

o/ Mandrake 8.0
,
/

Network 2
< 10BaseT Ethemet

< Star Topology using Hubs
< NetID: 192.168.2.0/24

performance, Mok erames . R

2) The relationship between MTU and network’s through- 3 Star Topology using Hub momug medut 2;&/
put, uMandrak.é\& Windows.

3) The effect of packet fragmentation on the network

performance Fig. 3. A more elaborate network setup for the group-based class project.

4) TCP’s retransmission behavior,
5) The states of a TCP connection not affected by a ) . )
nonpersistent network outage, and way, putting students in a §mal| group dpes not automatically
6) The difference between regular and passive-mode F1Pake them study the subject cooperatively and complemen-
tary. However, knowing the importance of the study groups,
V. GROUP-BASED LEARNING AND ASSESSMENT students are usefully very careful in selecting their group
As mentioned in section I, an important teaching an@embers. Therefore, most of the study groups turned out quite
learning element is group-based learning. Starting from la&ffective.
year, | asked students to form study groups at the beginningMoreover, an important factor that could affect the group-
of the course. All members in a study group attended tlased learning outcome is the assessment scheme. For exam-
same tutorial session, and they were also expected to stydly, if a noncontributing member gets the same grade as other
together outside classes. Each group had a group leadem@mbers, members may be discouraged from contributing
plan for study activities outside classes. Each study group atbeir very best to the group activities. In my case, students are
undertook the class project together. assessed individually in all components except for the group
Whether the group members would benefit from the grouproject. In order to maximize the cooperativeness in the group
based learning mode depends on many factors, such as tpusfect, | assess each member’s contribution to the project in
among members, the group leader’s leadership, the comglee steps. The first one is to give an overall grade based on
mentary strength of the members, etc. To put it in anothtite project report and presentation. In the second step, each



member is asked to evaluate the contributions from other group
members. Based on the students’ evaluations, high and low
contributors can be identified, and their individual grades can 70
then be adjusted upward and downward accordingly. 60
50 =
VI. THE LEARNING OUTCOMES 40

B Lectures B Tutorials & Textbook

This section presents students’ feedbacks received from the 30
undergraduate course on Computer Networking in the last 20
two years. The class in 2001 was a large class, consisting 10
of 168 students, and the lectures were conducted in a large  glt=s S
lecture theater. But each tutorial class was still limited to 20 S};gfege'y Agree  Neutral  Disagree sggggz
to 30 students. The class in 2002, on the other hand, was a
small class, consisting of 54 students. The learning outcomes Fig. 4. Effectiveness of teaching activities for a small class.
were evaluated mainly from three aspects: teaching activities,
assessments, and group-based learning. Moreover, | assessed
whether students’ interests in Computer Networking have been
increased after taking the class. The number of responses
received were 133 (79%) and 52 (96%) for 2001 and 2002, .
respectively.

B Lectures & Tutorials B Textbook

501
A. Effectiveness of teaching activities 40+

This section evaluates the effectiveness of the lectures, 307
tutorial sessions where assignments were discussed, and self- »q
reading based on the textbook. Therefore, the following three
statements were given, and there were five possible responses
to each statement: strongly agree, agree, neutral, disagree, and - - : , —

Strongly  Agree Neutral Disagree Strongly
strongly agree. Agree Disagree

o The lectures helped me understand the subject materials.

o The tutorial sessions helped me understand the subject
materials.

« The textbook helped me understand the subject materials.

IR

(AT

Fig. 5. Effectiveness of teaching activities for a large class.

The most outstanding result is perhaps the feedback on th(la\/lore importantly. the learning outcomes perceived by stu-
effectiveness of tutorials. Almost 30% of the responses frogénts are gctuall y:a direct resm?lt of the Iect[l)Jre and royblem-
the small classtronglyagreed that the tutorial sessions helped”, .~ . Y P

Rl(ymg integration. As recalled, lectures serve as a platform

them understand the subject materials, and the agreed ? introduce networking principles for the first time, and it
strongly agreed combined even exceeded 80%. The written gp P '

comments also indicated that students found the assignme'%t bound to leave many questions unanswered. Analytical

and the discussions on the assignments very useful in clari r_osblem—solvmg, on the other hand, deepens students’ under-

ing the networking concepts. Similar results were also obtain nrgldni?:t;etﬁs“tﬁgtfg?lﬂéii;uriizgllSefilI;(;ea(:tn tgu tg\rsiaalsrevilrj]zrg
for the large class in 2001, in spite of less favorable responé%—:é) g y '

as compared with that of the small class—10% on the stron (ﬁnalytlcal problem-solving takes place, are more effective than
n
n

agreed and 65% on the strongly agreed and agreed combi g _ures._But in fact lectures and tutorials cannot and should
o . : ot' be viewed and evaluated separately from each other. A
On the other hand, it is not too surprising to find that the

. . . more accurate interpretation of the data is: the lectures and
lectures were not perceived as effective as the tutorials. In tth? . ; . ) .
utorials combined are responsible for a very effective learning
small class, 75% of responses (strongly) agreed that the lec- .
! ; . ttcome. Moreover, the data shows that the tutorials are very
tures helped them understand the subject materials, while tﬂls . . ; .
uccessful in terms of deepening students’ understanding of
percentage was 47% for the large class. There are many facf 1S subiect
contributing to the difference in the effectiveness between Ject
lectures and tutorials. The most obvious one is to do with theBoth classes used the same textbook by Peterson and Davie
class size; the small-group tutorial arrangement facilities moed. However, it is interesting to observe the discrepancy
teacher-student interactions. Students’ learning difficulties chatween the two classes. Nearly 70% from the large class
therefore be promptly and specifically addressed in the smdhtrongly) agreed that the textbook helped them understand
group setting, whereas it is quite impossible to address théine subject materials, but this percentage dropped to 56% for

during lectures. the small class.



B Assignments Project for practical skill

B. Effectiveness of assessments B Projects for understanding & Mid-term tests

This section evaluates the effectiveness of various as- 60-
sessment components, including assignments (mainly analyt-
ical problem-solving), class project (experimental problem-
solving), and mid-term tests. Therefore, the following four
statements were presented to the students.

« The assignments helped me understand the subject mate-
rials.

« The class project helped me acquire practical skills in
Computer Networking.

« The class project helped me understand the subject ma-
terials.

o The tests helped me find out how much | have understood
(or have not understood). B Assignments Project for practical skills

Since assignments and tutorials are closely related, the first & Projects for understanding B Mid-term tests
statement regarding the effectiveness of assignments received

S G N
Strongly Agree Neutral Disagree Strongly
Agree Disagree

Fig. 6. Effectiveness of assessment components for a small class.

highly favorable feedbacks. Almost 90% and 75% of responses gg_ 5
(strongly) agreed that the assignments helped them understand E
the subject materials for the small and large class, respectively. 50 Sl
Note that these results are quite consistent with that for 401
tutorials presented in the last section. 301 i
The next two statements assessed the effectiveness of the 201 i’_ég
class project in terms of acquiring practical skills and en- 101E % = H B
hancing understanding of the subject materials. The responses 0 Strongly Agree Neutral Disagree Strongly
to both statements were quite similar in that around 80% of Agree Disagree

the responses from the small class (strongly) agreed that the rig. 7. Effectiveness of assessment components for a large class.
class project was helpful in the two aspects with slightly more

favorable responses on the practical skill. In the large class, the

aspect of practical skills received a more favorable resporSe Effectiveness of group-based learning

than the aSpeCt of enhanced underStanding. Around 65% of thths section attempts to assess whether the group-based

responses (strongly) agreed that the class project helped thegining is effective. The following two statements were
acquire practical skills in Computer Networking, while 51%yresented to students.

of responses (strongly) a_greed tha}t the class project helped My group members were helping each other to under-
them understand the subject materials. stand the subject materials.

The responses regarding the class project were quite under; My group members were dedicated in working together
standable. Although understanding the networking principle  on the class project.

was actually a major objective of the project, students still gjnqe the group-based learning was first introduced in 2002,
perceived that acquinng the practical skills thr,OUQ,hOUt NBere is only one set of results. The responses to both questions
process was more important. Based on students’ written oy gimjijar, and around 70% of the responses (strongly) agreed
ments, many of them felt that acquiring the skills of setting Uy oth statements. The written feedbacks also reflected that
networks from ground up would help them lend on jobs UpQfle groups were generally effective. Some groups reported
graduation. Another reason is that most of them haq never get, they had encountered many problems in the class project,
up a computer network before; therefore the practical WOR,t ¢ach member determined to overcome them by consulting

itself seemed to be more rewarding and significant. In aly e students and by reading relevant reference books.
case, the class project was quite effective in both aspects.

One mid-term test was given in the large class and tviy Students’ interests in the subject

were given in the small class. The tests were used to serv&he most important students’ feedback, in my opinion, is
as feedbacks to the students, so that they can know their owinether students are more interested in Computer Networking
progress in the course. In both classes, more than 60%aftier taking the course. Therefore, students in the small class
the responses (strongly) agreed that the tests helped them fireale asked whether they are interested in Computer Network-
out how much they have understood (or have not understood)y attwo separate timesduring the first class (indicated by
Similar to the assignment problems, the mid-term test qugse-teaching in Fig. 9) and during the last class (indicated
tions were not straightforward, and students generally did roy post-teaching in Fig. 9). The reason for doing this is to
do very well. accurately assess the impact of this course on their interests



B Help understand subject materials at the end of the course. The other cases also increased at the

Dedication in group projects end of the course.
50+ VII. CONCLUSIONS AND FUTURE WORK
401 = Doing research and teaching on Computer Networking are
= two quite different tasks. Although it is true that research
301 = underpins teaching, teaching requires an extra set of skills
20 HE = = that may not be needed in research. For example, one major
= = = difficulty in teaching the undergraduates is to “stoop down” to
1011E = = their level, so that they can comprehend the intricate principles
SN HEN = L : : of Computer Networking from what they know. Explaining a
Strongly Agree  Neutral Disagree Strongly complex concept simply is indeed not simple.
Agree Disagree In this paper | have presented an integrated view for teach-
ing and learning a foundational Computer Networking course
Fig. 8. Effectiveness of study groups for a small class. for undergraduate students. Under this view, the objectives of
the take-it-for-granted lectures, assignments, projects, etc, and
G Pre-teaching & Post-teaching their intertwining relationship n_ee_d to be thor_oughl_y thought
out and planned. Moreover, this integrated view discourages
807 us from paying attention to just a single teaching methodology,
701 such as hands-on work. Lectures, problem-solving, group-
601 based learning, and assessments are all very important to
50 proyiding a quality and enjoyable teaching and learning ex-
20 = perience.
= One possible improvement is to further tighten the integra-
301 = tion of the class project with the instructional part. Currently,
= — = | start giving out the project approximately a month after the
gg= = E I beginning of the course. In the next year, | am planning to
o+== — mr‘v give out the class project in the first class, and students are

Strongly Agree Neutral Disagree Strongly

: expected to “experience” a certain networking topic on their
Agree Disagree

personal computer network as soon as the topic is covered in
Fig. 9. Students’ interests in Computer Networking before and after takidgctures. This approach is somewhat similar to the experiential
the course for a small class. learning approach discussed in the education sector. In contrast
to cognitive learning, experiential learning attempts to provide
incentives to learn, and in my case the incentive is to build a

in the subject. Previously in the large class, students wefgrsonal computer network after completing the course.
asked whether they wemore interested in the subject after

taking the course, but the responses did not clearly indicate ACKNOWLEDGMENT
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