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Abstract .
This article reports a study on the actual use of technologies in a graduate-level distance course on
information systems analysis and design. The results indicate four conclusions. First, commonly
used Internet technologies (e.g.. e-mail, Web, FTP listserv, and IRC) and traditional technolo-
gies (e.g., mail, telepbone, and fax) are sufficient for delivering a rather technical and bands-on
distance course. Second, among these technologies, fax was the favorite method for submitting
assignwments, and e-mail was the most used method for communications and dialogues. Third,
communication related to the submission of assignments accounted for an outstanding propor-
tion of all e-mail messages. And fourth, minimal control of technology use helped the instructor
and the students focus on the subject matters, and students achieved high learning performance
and satisfaction. Implications for distance education are discussed. (. Keywords: distance learning,
information systems analysis and design, Internet technologies.)

Distance educartion is a process that creates and provides access to learning
when time and distance separate the source of information and the learners.
Technology-assisted distance education (Eddy, Burnetr, Spaulding, & ‘Murphy,
1997) has become increasingly comron in recent years, owing to the extrernely
rapid expansion of distance-education technologies. These-technologies have been
evolving from tradirional technologies such as mail, telephone, and fax, to instruc-
tional television (Wheeler, Batchelder, & Harnpshire, 1997), to VCR-based tech-
nology, and computer systemns such as the Inrernet. With the increasing availabilicy
of the Internet to most potential distance students, Internet-based distance
courses are booming. Although there are many suggestions for how to use the
Internet to deliver distance courses, few studies report the actual uses of Inter-
net technologies alone or in combination with other technologies in effective
distance learning. Hence, these suggestions are based on minimal evidence.
Many distance education practitioners (see Bergen & Kingston, 1994; Neal,
Ramsay, & Preece, 1997; Stubbs & Burnham, 1990) have identified the prob-
lem of too little data on technology use and its effectiveness. As the number of
disrance»learning programs increases and the range of delivery techniques grow,
It Is iImportant to examine the actual use and the effectiveness of distance edu-
cation technologies in order to best select and deploy these technologies.

Stubbs and Burnham (1990) state that ample evidence exists to suggest that
media affect the learning outcomes only as they affect methods (the relation-
ships between an institution and learners) and techniques (instructional relation-
ships between the learner and the material to be learned). It is thus meaningless to
discuss pure rechnology use without putting the discussion in a context of distance
course content, learner characterisrics, and the instructional design of the course.
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In this article, I report a case study on the actual use of distance-education tech-
nologies during the design and delivery of a graduate distance course on informa-
tion ssystems analysis and design. My intention is to observe the actual use of tech-
nology by the participants in achieving learning goals. I discuss the technology use
in light of the distance course-design philosophies and actual learning results to
provide evidence of the effectiveness of technologies in terms of achievement of
learning goals, student perception of learning, and student satisfaction.

In the remainder of the arricle, I first review some theoretical studies on
effective learning, which leads ro the introduction of our philosophy of distance
course design. This philosophy affects the way technologies are studied in distance
. learning. I then report research methods and procedures on technology use, data
collection and categorization, and results. I further discuss implications of our find-
ings to distance education. I then point out future research directions.

PHILOSOPHY FOR EFFECTIVE DISTANCE LEARNING

Alavi (1994) identified three attributes of effective learning processes from
cognitive learning theory: active learning and construction of knowledge, co-
operation and teamwork in learning, and learning through problem solving.
Learners construct meaning from the raterial studied by processing it through
existing mental structures and then reraining it in long-term memory, where it
remains available for further processing and possible reconstruction. Studies
have pointed out the positive motivational and effective cognitive aspects in-
volved in group—o_riented Iearn.ing processes. Learning is believed to be expe-
dited in challenging problem-solving situations in which mental models are
tested, extended, and refined until they are effective and reliable in solving that
problem (Alavi). Theories in distance-education research particularly indicate
that distant students tend to experience situated learning and problem-based
learning (Savery & Duffy, 1995, Streibel, 1991). o

I have four principles for designing distance courses (Zhang 1997). First of all, I
ground my distance courses in Jerome Bruner’s(1979) educational philosophy of
discovery learning, which emphasizes intrinsic motivation and self-sponsored cu-
riosity and creative learning. I believe that distant graduate students benefit most
from siruated learning (Streibel, 1991) and problem-based learning (Savery & Dulffy,
1995). Most distance students are motivated and marure adult learners and have
working experience. They would prefer to actively construct their own internal
representations of knowledge rarher than accept what the instructor gives. Thus,
they would more likely experience situated and problem-based learning. The chal-
lenge for distance educators is to set up a cognitively rich learning environment to
facilirare the distant students’ construction processes.

Second, I believe that in any education, the ultimate goal is effective learning
by the learners. Thus, effective educarion is learner-centered education. Any
course should start with a thorough analysis of potential students in terms of
their backgrounds (rechnical proficiency, work experience, career plans, dis-
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tance-learning experience, etc.), learning objectives, and self-assessments of com-
petency on subject topics.

Third, I think that enforcement or control helps distance learners, who play
mulriple roles in their lives, achieve higher learning performance and sarisfac-
tion. Enforcement includes the instructor’s conrrol of student effort on differ-
ent subject topics in the course (workload, iteration or reinforcement, and inte-
gration), on student involvement in'class activities and collaborative learning,
and on learning pace (time scheduling). This facet of my philosophy implies
that learning is nor completely controlled by the student. S

My fourth principle addresses the role technology plays in distance learning.
Sherry (1996) notes that “too often, instructional designers and curriculum
developers have become enamored of the latest technologies without dealing
with the underlying issues of learner characreristics and needs, the influence of

' media upon the instructional process, equity of access to interactive delivery
systerns, and the new roles of reacher, site facilitaror, and student in the dis-
tance learning process” (Sherry, p. 337.) 1 agree with Sherry and believe that
the driving force of a distance course is the effective learning of subject topics,
not the enforcement of state-of-the-art disrance technologies.

METHOD AND PROCEDURE

"Technology selection and actual use closely relate to distance course models and
objectives (Sherry, 1996). The distance course I use to conduct this case study is a
graduate course on information systems analysis and design (SA&D). This course
has a shorr residency period (3—-4 days) for face-to-face intensive meetings, fol-
lowed by home study on the Internet during the rest of the course (four months).
"This model of delivery is largely determined by the heavy rechnical and hands-on
emphasis of the course, which would make ir difficult to deliver as either a one-
week intensive class or complerely in a distance formar withour any face-to-face
meeting, In this section, I briefly describe the design of the course in order to pro-
vide a context for discussion of technology uses. It is beyond the scope of this article
to discuss distance course models. Interested readers can find more details on course

models and the design of the SA&D course in Zhang (1997).
Learner-Centered Objectives and Content

SA&D is a complex, challenging, and stimulating organizarional process that a
team of business and system professionals uses to develop and maintain computer-
based informartion systems (Hoffer, George, & Valacich, 1996). Students often re-
alize that the course is very challenging. Ir requires them to actually build their
analytical skills, communicarion and collaboration skills, and managerial skills.

Based on the studenrts’ profiles, I decided to cover most aspects of SA&D,
but to focus on the front end of the system-development life cycle. This focus
includes an emphasis on analytical skills and soft skills. Students gain analyti-
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cal skills by modeling organizations’ information needs using three techniques:
Entity Relationship modeling, Data Flow modeling, and Object Oriented analy-
sis. A student’s soft skills include oral and writcen presentation skills, time manage-
ment, and the ability to interact with peers. The course objectives are accompanied
by three learning themes: (1) experiential learning through assignments and
projects; (2) collaborative learning of important conceprs and techniques through
project conduction; and (3) shared learning through peer project evaluations. '

One of the major aspects of the course is the requirement that students iden-
tify, initiare, specify, and analyze real-world projects. Each student plays differ-
ent key roles in SA&D in order to learn different perspectives. Thus, each stu-
dent has to be both the customer (user) of a project and the analyst of another
project. A customer of a project identifies a real-world project topic, initiates a
project proposal, and then assists the analyst in finishing the analysis by pro-
viding derails and evaluating the deliverables. An analyst analyzes the proposed
project, provides representations of the project using the techniques introduced
in class, gets approval from the customer for each deliverable, and revises analy-
sis results based on feedback from the customer, the instructor, and the teach-
ing assistant (TA). Both the customer and the analyst are résponsible for the
entire project. A very important document for the project is the iinteraction
worksheet. Each party ina project records all the project-related interactions he or
she has with either the instructor, the TA, or the other parry; the means of commu-
nication; the length or duration; the topics; and the major decisions made. Selected
peers, the instructor, and the TA assess each student’s effort and performance based
on the final project report and the interaction worksheets. This implies that each
student also has a chance to evaluate other students’ projects and, thereby, to
learn from others in the class. |

Students are evaluated on (1) their performance on several individual assign-
ments (posirion paper, term paper, three modeling techniques, and project review)
and (2) collaborative effort and performance as reflected in project reports.

Instructional Methods and Strategies

As this SA&D course actually has three distinct periods (preresidency, a
four-day residency, and a remote home-study period), different strategies were
used for each period. For preresidency, students warmed themselves up by writ-
Ing a position paper on the role of analysts in SA&D and selecting a suitable
real-world project. During the residency, the emphases were on the overall pic-
ture of the field, the understanding of the three modeling methods, and the
initiation of team projects. For the home-study period, students used what
they learned to complete individual assignments and the projects. During this
period, individual assistance using available technologies became the primary
concern. The goal was ro ensure that students could get timely assistance and
feedback, finish individual assignments on time, and, most importantly, finish
projects by integrating their knowledge and skills.
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My decisions regarding possible technology selection are influenced by three

fac tors:

1. The perceived effectiveness of all types of distance-learning needs. Per-
ceived technology effectiveness data were collected from the studenrs
before the residency. Because the majoriry of the students in this class
had taken other distance courses and, thus, had some distance—learning
experience, the survey data were considered predictive.

2. The analysis of the availability of the technology. My goal was to mini-
mize the cost of installing, maintaining, and training, if possible. Avail-
ability also means thar the technology is familiar to students or the in-
Structor. .

3. My intent of little enforcement and loose control over technology uses.
Among the suggested technologies, students could decide which one to
use for a particular purpose.

Participants

The course was delivered in the spring 1997 semester. Participants included one
instructor, one TA, one distance-program director, and 15 enrolled students. Among
the studenrs, 1 was from Japan, 1 from Spain, 1 from Canada, and 12 from five
states of the United States (LA, NY, PA, SC, and VA). There were nine male and
- six female students. The students’ ages ranged from 26 to 54; the average age was
34, with a standard deviation of 7. Three of them already held masters degrees.
Fourteen had a bachelors degree. Nine of the 15 students were taking one other
distance course, and one student was taking two other distance courses ar the same
time. One studeént stopped performing toward the end of the semester and eventu-
ally failed the class because of family problems.

DATA COLLECTION AND CATEGORIZATION

There are two data-collection stages in the study. The first stage was about pre-
dicted effectiveness of téchnologies provided by students on a precourse question-
naire before the class started. Based on the data collected, a set of technologies was
suggested for the course, as summarized in Table 1. All participants were required
to subscribe to the class listserv. The listserv was to function as a broadcast facility-
and classwide discussion vehicle. The instructor’s personal e-mail address, the TAs
personal e-mail address, and the class account e-mail address were available to the
students. Although some e-mail uilities can atrach a binary file, which can be used
as a way of distributing some course materials or assignments, not everyone uses
the same e-mail utility. A class FTP site was thus set up for distributing class mate-
rials and collecting students’ assignments; the use of FTP was optional. A class
Web page was designed o function as a map that included links to the class FTP

site, all e-mail addresses, and course materials such as syllabus, class handouts, as-
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Table 1

Intended Purpose of Suggested Technology for SA&D Distance Learning

Students Students to Instructor
to Students Instructor (& TA) (&TA) to Students
Web + Share + Submit + Provide a unified
information assignments class map for sources
of info, standard
course materials
(syllabus, assign-
ment descriptions,
handouts, and help
info), general
feedback (current
grades and solutions
to assignments)
FTP + Share + Submir + Deliver ad hoc,
documents assignments rich-formar course
g -
materials
Listserv | |, Seel help + Ask c_;uesnons/ + Broadcast -
from peers Receive answers + Conduct classwide
that may be of discussion
interest to other
students
IRC - Exchange ideas (not supported) (not supported)
+ Conduect in-depth
© discussion
Private . Exchange ideas + Discuss any course- | + Discuss any course-
E-mail + Discuss in-depth related issue related issue
~ individually individually
Mail « Share informarion | * Submit + Return graded
e Ger approval for - assignments assignrments
project + De_hver
assignments
Fax + Share information | * Submit + Deliver
+ Get approval for assignments assignments
project . Ufse in case of
failure of other
online technologies
Phone + Discuss any course- | + Discuss any course-

+ Exchange ideas
+ Conduct in-depth

discussion

related issue

individually

related issue

individually

Journal of Research on Computing in Education

403




signments and solutions, coursework evaluation surnmary, students’ current grades,
and help instructions for using the class listserv and FTP. Students were encour-
aged to develop their own Web pages for this class or use Internet Relay Chat
(IRC) if they deemed it necessary. However, the course did not technically support
IRC. Other technologies thar could be used incladed fax, mail (e.g., FedEx, priority
mail, and first-class mail), and telephone.

The second stage of dara collection occurred during and after the course. Dara
regarding actual technology use were collected from the following sources. A com-
puter server captured the FT'P data. The instructor’s accounts (personal and class
accounts) stored all the e-mail messages between the instrucror and the students,
the instrucror and the TA, and the instructor and the program director. The ac-
counts also captured all the listserv posts. Web counters showed the total access
times of the Web pages (including outside parties and the instructor’s access). The
instructor kept records of phone calls, mail, faxes, and class handouts. Except for
the listserv, the data on communications between students are from the
students’ interaction worksheets in project reports. Thus, these dara are student-
reported technology use for projects only. ;

A content analysis of the approximately 500 e-rnail messages in the instructor’s
and the course accounts shows three primary purposes for communication: subject
or topic relared, general administration related, and submission related: The ap-
pendix on page 417 shows examples of these three types of e-mails. Subject or
topic related e-mail messages include the questions, confusions, and difficulties with
the topics. They also include brainstorming for assignment ideas (such as term-
paper topics) and inquiries abour assignment requirements. (General administra-
tive e-mail messages concern course pace, students’ performance and progress, team
issues or difficulties, and general comments to the dass. Submission related e-mail
messages are considered outside of general class administration because the num-
ber of e-mail messages for this purpose is surprisingly large. This type of e-mail
deals with the starus of assignments, signals for sending or receiving an assignment
submission, and sometimes the submissions themselves as e-mail attachments. For
the rest of the article, I use “submission” to indicate subject or topic related submis-
sions such as individual assignments or project reports. Course survey responses
are not included as submissions.

Between the students and the TA, the main communication medium was e-
mail. There were a total of 25 e-mail messages regarding submission (15), sub-
ject topics (4), and administration (6). Between the instructor and the TA,
most of the 46 e-mail messages were about course administrative issues such as
downloading assignments, grading, and distribution of graded assignments. A
toral of 10 e-mail messages between the instructor and the program director
concerned administrative issues. Figure 1 depicts the e-mail communication
among all the people involved in the class. Because the communications involv-
ing the TA and the program director are much less frequent than other com-
munications, as indicated in, Figure 1, our analysis focuses mainly on the com-
munication involving the instructor and the students.
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Figure 1. Distribution of number of e-mail messages by source”
(a total of 659 e-mail messages )

Using the same layout as in Table 1, Table 2 reports the number of people
who used a particular technology, total number of times the technology was used,
and, where possible, a breakdown of the use according to purposes (administra-
tion, subject topic related, submission related, or other). I also includes the vol-
ume or duration of usage when such data are available. For example, number of

pages for faxes and FTP and number of hours for IRC are listed in Table 2.

RESULTS
Teaching and Learning Fvaluation

By the end of the course, the instructor and most of the students felt
that the class helped the students achieve the learning objectives. Among
the 14 students who passed the course, 11 achieved A’s, two A—’s, and one
B+, the best performance among three SA&D courses the instrucror taught
(the other two were traditional on-campus courses) over three semesters.
The self-assessed learner achievement measure shows that on average, the
class achieved competencies that are two levels higher than ar the begin-
ning of the class on 9 of 10 subject topics assessed (that is a competency of
4.28 over the initial competency of 2.22, with the highest competency of 5.
For more derails, see Zhang, 1997). .

"The school’s formal course evaluation uses a scale in which 1 = outstanding,
2 = above average, 3 = average, and 4 = poor; this instrument includes five
items that are related to course design and delivery, which is scored as follows:
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Table 2
Statistics of Technology Use in SA&D Distance Learning

Instructor Students Students
to Students to Instructor to Students
Web Web access as of last + 9 srudents had a « 7 students used the
day of class: Web page Web
+ 989 times to class + 12 project reports 7 final reports
homepage by 7 people delivered
+ 307 times to + 29 out of 89 26 exchanges of
syllabus classwide other info before projects
+ 217 times to project assignments by 9 were finished
descriptions people
FTP + 7 documents in + 10 students used
rotal of 10 pages FTP
+ 6 submissions/20
pages
» 14 other materials
in 40 pages
Listserv | + 26 posts in total 4 srudents used
+ 10 subject/topic listserv
related 4 posts in total
+ 15 adminiscrative + 2 messages for
marcters help
+ 1 submission + 1 response
relared 1 greeting
IRC 4 students in 2
groups
10 times in total
13 hours in total
Private + 15 students + 15 students used 15 students used
E-mail received e-mail + 255 e-mails in total 143 total e-mails
+ 261 e-mail + 42 subject/ topic
messages in total relared
+ 63 subject/ropic + 64 administra-
relared tion
+ 92 admin- + 149 submission
istration related
+ 106 submission
related

ability to involve students in materials (1.8), provokes and stimulates critical think-
ing (1.8), course provides intellecrual challenge (1.5), course provides new view-

points (1.5), and quality and frequency of feedback (1.3).
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Table 2 cont.

Instructor
to Students

Students
to Instructor

Students
to Students

+ 1 call for solving
team problerns

phone
+ 4 calls in totral
+ 2 subject/topic
relared
+ 2 administrarion

grading

Mail + 13 students + 6 students used + 3 students used
received mail mail + 3 mails in rotal
+ 81 mail in total + 8 submissions in
+ 70 feedback to total
assignments/ + 6 project reports
projects + 2 other assign-
+ 11 projects ments
reports for peer
reviews
Fax + 7 students received | + 14 students used + 7 students used
faxes + 70 faxes in roral of |+ 26 faxes in total
+ 12 faxes in rtoral of 545 pages
86 pages + 10 projects in
+ 3 grading remarks 336 pages
in total of 28 pages + 45 other
+ 2 project reports for assignments in
peer review in total totral of 179 pages
of 40 pages + 15 other
+ 7 other materials in materials in 30
total of 18 pages pages
Phone + 1 student received + 1 studenr used + 10 students used

phone
+ 32 calls in total

Following are some of the students” informal statements that appeared in their
project reports, course surveys, and e-mail messages to the instructor. More state-
ments can be found in Zhang (1997).

I have learned a great deal in this class and this exercise (the project) in
particular. I had NO experience in SA&D. While I found the course
very challenging I feel that I will take with me a plethora of skills that I

will be able to use in my new vocations.

As a person who is employed full-time in the information technology
field, I have received substanrial job-related benefits from this experi-
ence. Already I have put the knowledge I've gained to good use evaluat-
ing and planning information management projects at work.

Journal of Research on Computing in Education

407




I am glad to know that my employer (who is paying my tuition) is
getting its money’s worth. More importantly, I'm pleased that my in-
vestment of time and effort is paying tangible professional dividends.

IfelcIlearned a significant amount in this course. The workload was
heavy, and deadlines were enforced, bur this improved learning.

Technology Uses

Using descriptive data analysis, I focus on each of the suggested technologies
and draw some preliminary conclusions and practical applications. Among all
these technologies, e-mail was most used for communicarion and will be dis-
cussed at the end of this section.

Web page. The class Web page served very well as a unified map for the class.
Students seemed to refer to it first when they had uncertainties or had misplaced
any handouts or materials. Nine out of 15 students, or 60%, set up their own Web
pages specifically for the class. Some encountered difficuley putting drawings on
the Web during the first half of the class. This affected their use of the Web for
submirting assignments that required drawings. Among the students who had Web
pages, the common use of the Web was for submirring position papers, term pa-
pers, and project proposals, which required no graphs. The majority of these people,
however, managed to put their projects on the Web by the end of the class. This
made the review process much easier and less expensive for the instructors, the TA,
and other students acting as reviewers. According to the students’ reports, there
was also considerable use of the Web to exchange project informarion between
group members. ' |

A class Web site is definirely very helpful and should be considered a necessary
part of the instructional material. It can also serve as 2 unified organization of all
other Internet technologies, such as FTP, listserv, and IRC. The class Web site can
be the only interface between the students and the instructional marerials and
methods. When students use their Web pages, both teaching and learning are en-
hanced. Students can communicare with peers using supporting documents, and
the instructor’s downloading burden is reduced. As more and more people know
how to write HTML documents, it is reasonable to require students to have their
own Web pages for distance courses. Administrative support may be needed in
case a student does not have an Internet carrier for the Web page.

FTP. FTP was used primarily to distribute and collect course surveys. Because -
the survey questionnaires had a very rich formar in Microsoft Word (1983-
1998), the instructor uploaded it to the FTP site and suggested that students
download it, use Word to complete it, and then upload it back to the FTP site,
Three students also used FTP to submit assignments. INo one used FTP to share
documents with each other during the project. In general, FTP was not extensively
used. There were very few reported difficulties associated with using it.
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