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Abst arct

This article describes the use of online interactive statistical
anal ysis to evaluate and enhance university | evel web-based courses. In
this study, SAS/IntrNet was enployed within a web-based instructional
environnent to enable instructors to continuously eval uate and
dynam cally refine courses through analysis of the test scores and the
user logs with regression nodel, and calculation of test item
reliability. This approach allowed for real-tine fornmative eval uati on
and assessnent of treatnment effectiveness and provided for on-going

refi nement of instruction.
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This article describes the use of SAS/IntrNet (SAS Instittute,
1997) to eval uate and enhance university | evel web-based courses.
Lear ni ng environnments, which incorporate continuous nonitoring of
| earner performance and all ow for data-based instructional decisions,
provi de the educator and the student with a neans for ensuring nmastery
of content. Conputer-based instruction provides a nechani sm for
i medi at e feedback, allow ng students to nonitor their own | earning
progress. |In the present study, SAS/IntrNet was enployed within a web-
based instructional environnent to enable instructors to continuously
eval uate and dynanically refine courses through analysis of the user
l ogs, and calculation of test itemreliability. This approach all owed
for real-time evaluation and assessnment of treatment effectiveness and
provi ded for on-going refinenent of instruction

SAS/ | nt r Net

For several decades SAS has dominated the fields of statistica
analysis and to a | esser degree, data warehousing. Since the rel ease of
SAS/IntrNet in Cctober, 1997, a nunber of nmmjor corporations and
gover nment agenci es such as Ford Credit, National Seni conductor, and
Dani sh Institute of Agricultural Sciences have inplenmented SAS/ | ntr Net

for their intranet and internet servers (SAS Institute, 1997). However,
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at the tine of this witing, no web-based courses directly utilizing the
anal ysis capabilities of SAS/IntrNet were found.

SAS/ IntrNet provides the ability to create both static and dynam c
webpages. The product uses Wb Publishing Tools (SAS Institute, 1998)
to convert SAS output to hypertext narkup | anguage (htm) for the
creation of static webpages. For dynam c pages SAS/IntrNet provides
i nternet-database tools for users to retrieve real time data. A feature
entitled ‘Application Broker’ provides the ability to connect and
utilize data sets spanning across several servers and platfornms (SAS
Institute, 1998). Further, SAS/IntrNet functions as a web service
rather than a web server. Sone web server inplenentations prohibit
nmul ti ple web server packages from coexisting in the sane physica
machi ne. In contrast, web services are not nmutually exclusive. A web
service runs on top of an existing web server and thus it does not
conflict with other services provided all services are properly
configured. For exanple, Cold Fusion (Allaire, 1998) and Active Server
Page (Homer, 1997), which are web-database services, can be used in the
sanme server concurrently.

Backgr ound

An on-line, web-based course was devel oped for use by graduate-
| evel, k-12 in-service teachers. The course objectives nove
participants toward mastery of basic networking and conputing
applications, including the use of email, telnet and ftp services, a web
browser, and synchronous and asynchronous di scussi on environnents. A
goal of the course is to efficiently and effectively nove the students
from begi nner and novice | evels of conpetence and confidence with

conputer networking and utilities to mastery of these basic tool skills.
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The course then focuses on the incorporation of the use of these tools
and resources within the content/curriculum areas of each educators
expertise.
The participants are 180 teachers who have little or no experience
wi th networked conputing. Follow ng the instructional process,
partici pants use Internet resources to build, contribute to, and
mai ntain a close, effective electronic comunity of educators. The
project is structured to provide ongoi ng support tailored to the
educator's specific needs and interests. Educators receive the
necessary networking tools (computer, nmobdem access to the Internet),
on-1line support throughout the project, and in-person and on-line
training in the integration of technol ogy and tel ecomunications into an
educational curriculum (http://eruditio.asu.edu).
Use of SAS/Intr Net
The content of the course are stored in Lotus Dom no/Learni ng

Space and Net scape Wb Server with SAS/IntrNet as a supporting tool
Thi s approach enhances the web-based course bhy:
1. Providing descriptive statistics such as test score distribution and

page usage distribution
2. Calculating Cronbach Coefficient Al pha to estinmate the test item

reliability and evaluate construct validity (Cronbach & Meehl, 1955).
3. Perform ng dependent t-tests of pretest and posttest scores to

eval uate the effectiveness of the web-centric instruction
4. I nplenmenting regression analysis with the user activity |og data and

the test scores to determ ne the best strategi es of web-based

| ear ni ng.
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The foll owi ng are exanpl es of the webpage input (see figure 1) and

out put (see figure 2) for instructor analysis:

Metscape: Instructor analysis
4 e 8 & & + @

13| Location® \ﬁ_ |htt|:- -4 dhighland.inke azu edu iz finstructZ htmi

Pretest Emadl 1 Postiest Emadl 1
Pretest Email 2 Postiest Emadl 2
Pretest Email 3 Postiest Emadl 3
Pretest Email 4 Postiest Emadl 4
Pretest Email 5 Postiest Email 5

Figure 1. Input page of Instructor Analysis
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Netscape: Sample Output Formatter Program =—— 0| B

s D G i T R

Back Forward Eeload Haorne Search Guride Irnanes Print Securit

D T R |

Cronbach Alpha

Correlation Analysis

Cronbach Coefficient Alpha

for BAW wariables o 0.643447

for STANDARDTZEED variables: 0O.&640522
Raw Yariables

Deleted Correlation
FYariable with Total

FEE_EII1 0, 222992 0. 882728
FERE_EI: 0.523209 0. 323500
FERE_EI1= 0.4595390 0.3530s1
FEE_EL1d 0.356037 0. &03053
PEE_EITS 0420391 0.573976

Figure 2. CQutput page of Instructor Analysis

User | og Anal ysis
The Lotus Domi no Server and Netscape Wb Server were configured to
record the user activity |log such as the nunber of page access, the
nunber of hits, and the time spent on each page. Although both Lotus
and Netscape adm nistrative tools can provide an overview of the user
activities, they do not have a built-in statistical tool to anal yze
these data. Thus, we use SAS/IntrNet to access the Lotus user |log for

further analysis.
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A typical user activity log gives the nunber of page accesses,

hits, and uni que hosts as shown in Figure 3.

[ =———— Metscape: Eruditio Page - AccessWatch Summary

i ¥ il | 2 | i e - I
la o e @ & g & S
::I Back Forward Reload Horne Search Guide Irnanes Print Securitu
[ ¥

LI LU, 3 L

Accesses for Eruditio Page
January 17, 1998

Last updated - 4:44:41 p.m.

1

Hrvair Fated took 3F reronds fo geilor curess £l

Daily Access Statistics I

Todaw, there hawe heen a total of 97 acceszes by 42 unigue hosts viewing an average of 2.3
pages related o Sradyme Paee. Of these, O {096) have been from Avd=ona State Thniversity,
and 97 {1009} hawve been foomm ovtside hosts.

There hawve been a total of 335 hitz and 1 exrors related 0 Fradfoe Page | accounting for

3. 79% of wotal zerver hitz and consisting of 3676 kilobstes of infornaton. There have heen
9.8 accesses per hour, and at this rate, Fradrme Pape vl get 139 accesses oday.

Summary Statistics

" Accesses from Artizona State University |I 0 |I EI'?E-H] | I

Outside Accesses 97 100% ]
Total Page Accesses 97 10095 E

Total hits related to page | 335 |  3.79%|[] | I
Total hits on server | 8347 | 100%%| | |

Fiqgure 3. User activity |log

Hit is defined as a downl oaded object. For exanple, if a page
carries multiple graphics or inages; four G F inmages, one JPEG i nage,

and one Java Applet, a hit count would reveal seven ‘hits’--although
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only one physical page has been accessed. To the contrary, page access
records access to only the htm file itself. Wen a webpage with
several graphics and applets is viewed, it is recorded as one page
access. Hit counts nay best convey the systemresource |oad on a
particul ar server, but potentially artificially inflate the individua
user activities. In the present study page access served as the focus of
anal ysis. Figure four details the configuration of the user |og program
to filter hits. In the variable $excludeURL, graphics such as G F and
JPEG i nages, Java-related files such as files with class and zip

ext ensi ons, and sound clips such as WAV and AU files are excluded and

thus are not counted as page accesses.

||j =————— spamonkeyed.asuedy | SSe——— E'

| |»F'

Figure 4. User |og program configuration

A uni que host is the hostname or | P address connected to the web
server, which can be interpreted to identify individual users. However,
in the present course students use a point-to-point protocol (PPP)
server to obtain internet access via tel ephone dial-up. Hostnanes and |IP

nunbers change each tinme the user obtains access to the internet and
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t hereby providing an inaccurate neans of tracking user activity within
the website. 1In order to identify each student’s activity the web
environnent was configured to require logon with a unique ID and
password. The anmount of tinme that the user’s browser displays each
speci fic webpage is recorded, as well as the total session tine. The

following (Figure 5) is an exanple of a user activity |og.

129. 219. 254. 22
00: 23: 27 / ~erudi ti o/ al exyu. ht
00: 23: 27 /[ ~erudi ti o/ conput er/ wi ndows/ enai | . ht m
00: 23: 58 / ~erudi ti o/ navi gati on. ht n
00: 31: 25 / ~erudi ti o/ conput er/ w ndows/ enai | . ht m
00: 31: 34 / ~erudi ti o/ conput er/ w ndows/ | i st serv. ht n
00: 31: 55 / ~erudi ti o/ conput er/ wi ndows/ websear ch. ht n

00: 32: 25 / ~erudi ti o/ conput er/w ndows/ qui z. ht

Fiqure 5. User activity |og

Per f or mance Eval uati on

Each | earning nodul e contains a pretest and a posttest, which
users are required to conplete imediately prior to and inmedi ately
following viewing the instructional nodule. Students who score perfect
on the pretest are asked not to take the posttest. The rationale is as
the following: As it is likely that students who score high or perfect
on the pretest will also achieve the sane result on the posttest, this
“ceiling effect” will cause the t-test to show virtually no inprovenent

and al so bias our interpretation of the regression analysis. To allow
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for a nore accurate analysis of the instructional inpact of the |earning
nodul es, these scores are coded as “outliers” and are excluded from
conputation of the t-test and regression
Regr essi on nodel

After both the user |Iog and the test scores have been obt ai ned,
SAS/IntrNet is enployed to nerge the two files by user ID. User access
data can then be used to predict performance in terns of test scores.
The regression analysis is based upon the followi ng hypot heses:

Performance as neasured by change in scores between the pretest
and posttest is a function of how nuch tine the user spent accessing the
web, how nmany pages the user read, and the interaction between the two.
Ti mre engaged or page access alone is not a good predictor to
performance. A student nay open nmany pages but stay only a few seconds
on each page. On the other hand, it may appear that a student spends a
significant anmount of time accessing a few pages, however s/he may have
| ogon, go away, and then conme back an hour later to go to the next page.
Therefore, we included the product of tine engaged and page access in

t he regressi on nodel as shown bel ow.

Vari abl es:

Y = Change in scores

X, = Tinme engaged

X, = Page access

X; = Tinme engaged X Page access
Model :

Y=A+BX + BX + BX +E
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The interaction of tinme engaged and page access is strongly
correlated with either tine engaged or page access. This
nmulticollinearity could lead to variation inflation and threatens the
validity of the regression nodel. In order to avoid nulticollinearity,
centered scores and residuals of interaction are used because their
vectors are orthogonal (Aiken & West, 1991; Burrill, 1998; Yu, 1998).
The original variables are transforned and the nodel is reconstructed as

the foll ow ng:

Vari abl es:
Y = Change scores

C X1 = Tine engaged - Mean of tinme engaged

C X2 = Page access - Mean of page access

CX3 =CXl* CX2

R X3 = Residuals of regressing C X3 with C X1 and C X2
Model :

Y=A+CXlL+CX2 +RX3

SAS source code for conputing the above nodel is hidden from
course instructors. |Instructors use the web interface rather than SAS
interface to select variables and the range of data.

Concl usi on

Historically, analysis of this depth has been enployed primarily
by well-trained statisticians rather than by the content-area expert or
the instructional designer. Although itemand perfornance data is used
in conmercial test developnent, the ability of classroominstructiona

designers and instructors to effectively incorporate this type of
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analysis into their daily routine has been limted. Wth the
advancenent of web-based technol ogi es, general instructors can now

anal yze and interpret their student user data and enploy the results
dynamically within the instructional process. This approach effectively
extends the utility of formative evaluation in the instructional design
and delivery process. 1In contrast to sumative eval uati on (Hernman
Carol, & Fitz-G bbon, 1987), which is conducted for the purpose of
obtain information for sunmary statenents and judgnents about a program
and its values, formative eval uation (Hopkins, Stanley, & Hopkins, 1990)
is conducted for the purpose of bringing about inprovenent in practice.
However, in conventional courses it is difficult to put formative
evaluation into practice due to the difficulty of collecting and
interpreting data. In addition, data such as test scores collected from
conventional classes are not sufficient for formative eval uation
Formative evaluation is not nerely reporting pretest-posttest

di fference. The |earning process--how students use the instructiona
materials--is also inportant (Cognition and Technol ogy Group at
Vanderbilt, 1993; National Council of Teachers of Mathematics, 1991).

In the design of our website we provided space that can be only
accessed by the instructors. On these pages, instructors have the
ability to assenble any variables to construct their own analysis of
student data. Besides quantitative analysis, user activity data can al so
be analyzed in a qualitative manner such as |ooking at the pattern of
page access. Through this nulti-nethod approach toward data coll ection
eval uation, and dynanic instructional revision, we nove toward the
i mprovenent of instructional courseware. Design decisions can be

grounded in instructional theory, while driven by continuous assessnent
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of user performance. As researchers we |ook forward to the extension,
custom zati on and use of instructional |earning environnents which
effectively enable instructors to eval uate and enhance their online

materi al s.
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