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This study investigated the effects of learning materials with
different interaction levels on achievement and motivational
perceptions of college students in a web-based learning envi-
ronment with a posttest only experimental design. There were
three groups in this study: control group, reactive interaction
group, and proactive interaction group. The control group
received a treatment with static hyperlinks to the learning
content; the reactive interaction group received a treatment
that was implemented with elaborated immediate teedback;
the proactive interaction group received a treatment that
required generative activity. Three instruments were used to
evaluate the effects of different treatments: an achievement
test, an instructional material motivation survey, and an inter-
view. The subjects in the study were college students in vari-
ous education majors. The results indicated that students in
both the reactive and proactive interaction groups outper-
formed those 1n the control group on the achievement test.
The students in the reactive interaction group demonstrated
significantly higher motivational perceptions toward the
instructional material than those in the control group. The
qualitative data also supported these results.

Distance learning refers to any instruction through print or electronic
communication media for people involved in learning in a place or time dif-
ferent from that of the instructor(s) or other student(s). It has many formats,
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from the oldest correspondence courses, audio, one-way video, two-way
video, to the World Wide Web (WWW or Web). Among those, the Web 1s the
fastest growing. It provides a pervasive new channel for education that
makes education more accessible. It appeals to students, provides for flexi-
ble learning, and enables new ways of learning (Owston, 1997). Like other
kinds of distance learning, it i1s widely believed that interaction is one of the
important and fundamental factors that affect students’ learning and attitudes
in web-based learning (Berge, 1999; Gilbert & Moore, 1998; Moore, 1989).

Interaction is a two-way communication process. From the learner’s per-
spective, there are three types of interaction involved in the process of learn-
Ing: (a) interaction with content, (b) interaction with instructor, and (c) inter-
action with other students (Moore, 1989). Each type of interaction can have
different effects on student achievement and attitude toward learning. From
the perspective of learning, it can be argued that the most important interac-
tion occurs between the student and the material he/she is trying to acquire
or master. Milheim (1996) pointed out that interactivity between the com-
puter and the learner is one of the most important attributes in computer-
based instruction because it directly impacts the communication between the
educational materials and the intended learners.

Based on the quality of interaction, the student-content interaction can
range from low to high levels. In low-level interaction, there 1s less interac-
tivity, engagement, and cognitive processing. There 1s more interactivity,
elaboration, and cognitive processing in high-level interaction.

Schwier and Misanchuk’s (1993) identified interaction levels provide a use-
ful starting point for developing and understanding interaction. They suggested
that there were at least three levels of interaction based on the instructional qual-
ity of the interaction: reactive, proactive, and mutual interactions.

Although proposed for traditional multimedia, this categorization scheme
also applies to web-based learning environments. Web-based learning 1s
popular and growing rapidly. But people still have many concerns about web
delivered courses (Windschitl, 1998). One of these concerns involves build-
ing interactivity into web courses (Gilbert & Moore, 1998). Web-based
instruction (WBI) can provide all types of interaction proposed by Moore
(1989) through different means. For the student-content interaction, WBI
can provide many levels of interaction between the learner and the learning
content. However, in reality, most web-based instructional materials only
provide hyperlink interactivity, which is the primary mechanism of hyper-
media. The interaction level provided by hyperlinks is low. This low level of
interaction may not promote students’ learning and motivation. Therefore, it
appears necessary to explore more strategies to increase the interaction of
WBI so that students will engage more actively with the learning content,
and web-based learning will be more attractive to learners.
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LITERATURE REVIEW

Few studies have focused on effects of different interaction levels in web-
based learning environments. But a number of studies on feedback and gen-
erative learning have been done on interaction in computer-based instruction
environments. These results have valuable implications for web-based learn-
ing. In this section, research on interaction, generative activities, and feed-
back are discussed.

Interaction

In the lhiterature, the terms interaction and interactivity are used inter-
changeably to refer to the communication between student and subject con-
tent, student and instructor, or student and student. There are two perspectives
on interaction: quantitative and qualitative (Hannafin, 1989). A quantitative
view of interaction refers to external factors such as response frequency or
interval, or the number of questions embedded during an instructional mod-
ule. A qualitative view of interaction substantially emphasizes the learner’s
role in mediating interaction. The concern here is how to foster cognitive
engagement — the intentional and purposeful processing of lesson content.

Although the interaction 1s very important and necessary for education, it
appears that there is no consensus of what interactivity actually represents or
involves. Even so, over the past years there have been a number of attempts
to 1dentify levels of interaction, with the underlying assumption that the
higher the level, the better the product (Sims, 1997). Schwier and Misanchuk
(1993) introduced a descriptive taxonomy of multimedia interaction based
on the qualitative nature of interaction. It includes three dimensions: (a) lev-
els of interaction, (b) functions played by interaction in each level, and (c)
transactions at each level of interaction. Three levels of interaction are: reac-
tive, proactive, and mutual, where:

* “A reactive interaction 1s a response to presented stimuli, or an answer
to a given question;

* Proactive interaction emphasizes learner construction and generative
activity. The learner goes beyond selecting or responding to existing
structures and begins to generate unique constructions and elaborations
beyond designer-imposed limits; and

* Mutual interactivity would be characterized by an artificial intelligence
or virtual reality design, where the learner becomes a fully franchised
citizen in the instructional environment. In such a program, the learner
and system are mutually adaptive, that is, capable of changing in reac-
tion to encounters with the others (p.11-12).

The relationships among the three levels are hierarchical in terms of qual-
ity of interaction. That means the quality of a mutual level interaction is
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higher than that of a proactive level and the quality of a proactive level inter-
action 1s higher than that of a reactive level interaction because there is
greater opportunity for mental engagement and learner investment at higher
levels of interaction than lower (Schwier & Misanchuk, 1993).

Very few studies have focused on the effects of different interaction lev-
els on learners’ achievement and attitudes based on Schwier and Mis-
anchuk’s classification. However a number of studies have focused on gen-
erative activity strategies and feedback, which can be used to realize reactive
interaction and proactive interaction levels of instruction.

Research on Generative Activities

Generative learning focuses on examining what internal processes of
learning are stimulated or induced by external stimuli. Wittrock (1974, 1991)
proposed the i1dea of generative learning with the assumption that for learn-
ing to occur, active mental participation of the learner i1s required. Mental
connections occur as new information from the environment is integrated into
existing mental structures through reorganizing existing mental structures
into new frameworks, elaborating existing mental structures to become more
inclusive, and reconceptualizing to gain a more exact or detailed understand-
ing of the information. In the generative process, the learner 1s required to
actively engage mental processes to examine the new information, and to
construct (generate) a new interpretation of the information.

Generative learning has been realized through various generative activi-
ties. There are two basic families of these strategies (Grabowski, 1996). One
family of strategies is used to generate organizational relationships between
different components of the environment, which helps a learner understand
how items are related to one another. Examples include creating titles, head-
ings, questions, objectives, graphs, tables, and concept maps. These activities
occur in the coding, organization, and conceptualization levels of thinking.
Another family of generative strategies integrates relationships between
external stimuli and memory. Examples include asking students to construct
demonstrations, metaphors, analogies, examples, pictures, applications, para-
phrases, or inferences. These activities occur in the integration and translation
levels in terms of cognitive processing. The second family differs from the
first because these strategies not only require deeper processing of the
instructional content, but they also result in a high level of understanding.

Wittrock and Kelly‘s (1984) study, which involved generating examples,
indicated that students required to give an example had the biggest gain in
the pretest-posttest evaluation. Studies on the effects of other generative
activities have yielded conflicting results. Wittrock (1991) found that stu-
dents who were asked to generate text-related summaries, analogies,
metaphors, and pictures had better comprehension than those who were not.
Hooper, Sales, and Rysavy’s (1994) found that undergraduates who generat-
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ed summaries performed better than those who generated analogies. How-
ever, the experiment groups (generating either summaries or analogies) did
not perform better than the control group (without any generative activities).
Volk and Ritchie’s (2000) study on the effectiveness of concept map gener-
ation and manipulation of objects found no significant difference between
either of the two generative strategies on a posttest. However, the results
indicated that students starting with concept maps showed significantly
higher achievement on a delayed posttest than students beginning with
manipulation of objects.

Investigations of the effects of generative activities in hypertext learning
on problem solving and comprehension (Barab, Yong, & Wang, 1999) and
English learning (Lin, 1995) among college students yielded positive results.

These studies on generative learning have shown that in most cases, active
learner nvolvement produced increased learning; and learner generated
activities have resulted in significant gains of learning, although the degree
of the effects may be affected by the issues of organization of lesson content
and quality of response (Grabowski, 1996). But, some aspects about genera-
tive activities need further exploration. First, most of the previous research
has emphasized fact and concept-level learning and has not dealt with high-
evel learning such as application, synthesis, or problem solving. Therefore,
further research on effects of different generative activities on high-level
earning is needed (Grabowski). Second, very few studies have focused on the
effects of various generative activities in hypermedia environments. It is nec-
essary to investigate what kind of roles generative activities can play in hyper-
media environments, especially in web-based environments.

Research on Feedback

Feedback 1s information made available to learners to compare actual per-
formance with some standard of performance. It is a critical part of the process
of interaction and plays a very important role in learning. It affects students’
motivation and academic performance. Research on feedback involves many
factors: when to provide feedback, what kind of feedback should be offered,
and feedback in different learning tasks. The following review focuses on feed-
back elaboration and timing of feedback, which are related to this research.

Feedback Elaboration

Feedback elaboration refers to complex explanations and/or providing
additional information 1n response to students input. There are three types of
elaboration employed during feedback: fask-specific, which is drawn from
the initial task demand or question, instruction-based, which contains infor-
mation derived from specific lesson material but not directly from the actu-
al question, and extra-instructional, which contains additional information
from outside the immediate lesson environment.
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Most studies have dealt with the task-specific and instruction-based types
of feedback, while a few have addressed the extra-instructional type. Five
types of feedback have been defined in previous research (Dempsey.
Driscoll, & Swindell 1993): no feedback presents a question and requires a
response, but does not indicate whether the learner's response 1s correct; sim-
ple verification feedback or knowledge of results (KOR) simply informs the
learner of a correct or incorrect response; knowledge of the correct result
(KCR) informs the learner what 1s the correct answer of the question; elab-
orated feedback informs students of the error and provides an explanation
leading to the correct answer; try again feedback informs the students when
an incorrect response has been made and allows them to make one or more
additional attempts to answer correctiy.

Gilman (1969) found that undergraduate science students who received
KCR performed significantly better than those who did not receive KCR. The
KCR group also took less time to meet the criterion than any other group.

Waldrop, Justin, and Adams (1986) conducted research for determining
if elaborated feedback was more effective than “knowledge of results” in
learning concepts through drill and practice computer-assisted instruction
and found that immediate extended feedback following both correct and
incorrect responses was superior to minimal feedback.

Lee and Dwyer (1994) found a similar result from an investigation of
undergraduate students’ learning of the BASIC programming. However, they
got the following useful information: students who received KCR felt that
insufficient feedback was given for correcting their errors; students who
received KCR and elaborated feedback perceived the feedback to be valu-
able; students favored the “try again” for the missed problems.

Clark and Dwyer (1998) investigated the effect of different feedback
types on different learning tasks (verbal, concept, and principle). No signif-
icant difference among the different types of feedback was found. Narciss
(1999), however, obtained a positive result for elaborated feedback, which
suggested that more informative feedback was related to better performance.

We can see that studies on feedback elaboration have yielded mixed
results for verbal information learning. It appears that feedback elaboration
affects effectiveness of verbal information learning, concept learning, and
rule learning. Further studies need to be done, however.

Timing of Feedback

Timing of feedback deals with when feedback information is given to the
learner. There are two commonly recognized types of feedback in CAI envi-
ronments (Dempsey & Wager, 1988): immediate feedback 1s given as quick-
ly as the computer's hardware and software will allow during instruction or
testing; delayed feedback 1s given after a specified amount of time during
instruction or testing.
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Studies of immediate and delayed feedback have yielded no consistent
results. Kulhavy(1977) supported the use of delayed feedback when test-
items were used as the stimuli material and the correct answer was the
response to be learned. Kulik and Kulik’s (1988) meta analysis indicated that
immediate feedback was more effective than delayed feedback when actual
classroom quizzes and materials were used and delayed feedback was
favored when subjects were in short-term experiments on acquisition of quiz
content. Farquhar and Regian (1994) found that the effectiveness of delayed
feedback was dependent on the type of feedback provided and suggested that
the effectiveness of delayed over immediate feedback depends on the types
of knowledge, feedback, error, and the learner's skill level.

While research results about feedback are not unambiguous, some con-
clusions can be drawn from existing research to make better use of feedback
in instruction: feedback can serve to correct errors; in informative learning,
corrective feedback 1s better than no feedback; and for higher cognitive
tasks, delayed feedback may be more effective than immediate feedback.
However, some problems are worthy of further investigation. First, most
research 1s about the effects of feedback in traditional classroom environ-
ments and computer assisted learning environments, few studies focus on
effects of feedback in web-based learning environments. Second, most stud-
ies compare the effects of with or without feedback (immediate feedback
and delayed feedback). In the literature, no studies have been found that deal
with the relationship between feedback and interaction levels.

Research Questions and Hypotheses

This study focused on the effects of different interaction levels on stu-
dents’ achievement and perceptions of motivation toward learning materials
in web-based learning environments. Schwier and Misanchuk’s (1993) clas-
sification of interaction levels for multimedia instruction, especially the reac-
tive and proactive interaction levels, guided the design of learning materials
for web-based learning. An immediate feedback strategy, which was used in
instructional materials at the reactive interaction level, was compared with
low interaction materials without this strategy. A generative activity strategy,
which was used to develop instructional materials at the proactive interaction
level, was compared to the low interaction and reactive interaction conditions.
The following research questions and hypotheses guided the study.

Question 1. Is there a difference in achievement among groups in which
students receive learning materials with low interaction level, reactive inter-
action level, or proactive interaction level?

Hypothesis 1. Students who receive learning material with a proactive
Interaction level will score higher than those who receive learning material
with a reactive interaction level; and those who receive learning material
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with a reactive interaction level will score higher than those who receive
learning material with a low interaction level on the achievement measure.

Question 2. Is there a difference in perceptions of motivation among
groups in which students receive learning materials with low interaction
level, reactive interaction level, or proactive interaction level?

Hypothesis 2. Students who receive learning material with a proactive
interaction level will score higher than those who receive learning material
with a reactive interaction level; and those who receive learning material with
a reactive interaction level will score higher than those who receive learning
material with low interaction level on the measure of perception of motivation.

METHODOLOGY

Research Design

This study involved a posttest only experimental design. Based on
Schwier and Misanchuk’ (1993) classification of interaction levels, three
levels of interaction were categorized for web-based learning materials n
this study: low, reactive, and proactive. Low level refers to a web site that
only incorporated typical, static hyperlinks; reactive level refers to a web site
that incorporated an immediate feedback strategy, which provided respons-
es during the learning process; proactive level refers to the web site that
incorporated a generative activity strategy, which asked students to generate
a new example or scenario after a learning section was finished.

Independent Variable

The independent variable in the study was the interaction level of the
learning material. In this study, three versions of instructional materials with
low, reactive, and proactive interaction levels were implemented by following
the previous categorization. Participants were randomly assigned into three
groups to complete a web-based learning lesson. Participants in the first
group (control group) received the learning material that provided a low level
of interaction; participants in the second group received the learning materi-
al that provided a reactive level of interaction; participants in the third group
received the learning material that provided a proactive level of interaction.

Dependent Variables

The dependent variables in this study were student achievement, perception of
motivation toward the learning material, and time-on-task. Achievement referred
to the learner’s academic performance after finishing the learning as measured by
a posttest; perception of motivation toward the learning material referred to stu-
dents’ perceptions toward the learning material in terms of motivating students to
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learn and was measured by the Instructional Material Motivation Survey (IMMS)
(Keller, 1993); time-on-task referred to the time that students spent on the learn-
ing materials collected through the ““Track students” function in WebCT.

Subjects

The participants in the study were student volunteers from an education-
al technology class in the School of Education at a mid-western university.
They were freshmen, sophomores, juniors, seniors, and graduate students
with various majors in education such as elementary education, science edu-
cation, and mathematics education. The final sample had 95 students with
unbalanced numbers of students in each group: the control group had 34
subjects; the reactive interaction group had 30 subjects; and the proactive
interaction group had 31 subjects. They all had little prior knowledge of the
content of the lesson and were familiar with WebCT, which was used as the
delivery environment for the web-based instruction.

Instructional Materials

The content of the learning material was about copyright, which is nor-
mally covered in a class lecture. The instructional material was implemented
in WebCT, a web course environment, using web pages created with
Dreamweaver and JavaScript. The subjects logged onto WebCT and received
one of three different versions of instructional materials with low interaction
level, reactive interaction level, or proactive interaction level. Instructional
material with low interaction level was a typical website in which students
could get information (including content information and practice questions)
by clicking links. Instructional material with reactive interaction level pre-
sented all practice questions displyed in a multiple-choice and/or true-false
format with immediate elaborated feedback. Instructional material with
proactive interaction level was implemented with generative activities. Sub-
jects were required to generate their own new examples or scenarios.

Instruments

Three instruments were used to evaluate student achievement and per-
ceptions of motivation toward the learning materials: achievement test, moti-
vation survey, and interview. An immediate posttest with true-false ques-
tions, example or scenario generation, and multiple-choice questions was
administered right after subjects finished the learning materials. The moti-
vation survey, IMMS, was used to evaluate students’ motivational percep-
tions toward the learning materials; it was administered following the pos-
stest. Interviews were administered to randomly selected subjects from dif-
ferent groups in order to acquire in-depth data with regard to the students’
perceptions of the learning programs.
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Data Analysis

Quantitative data from post achievement posttest, motivation survey, and
time-on-task for each group were analyzed with ANOVASs using SAS to test
the significance of the mean differences among three groups. The Tukeys
HSD test was used to test the significance of the mean difference between two
groups because the sample sizes were not equivalent. The probability level for
testing the research hypotheses was set at .05. Qualitative data from the inter-
view and generative activities were analyzed by following coding protocols.

DATA ANALYSIS AND RESULTS

Preliminary tests for normality of the quantitative data (Shapirio-Wilk) and
homogeneity of variance of the data (Levene’s method) confirmed that the data
were normally distributed and all three groups had equal variances. Therefore,
analysis of variance (ANOVA) was used to examine the effect of different treat-
ments on the dependent variables (achievement, motivation survey, and time-
on-task). If the ANOVA test indicated a significant difference among three
groups, the Tukey’s HSD test was used to make pair-wise comparisons to find
which group was significantly different from the other group(s).

Performance on the Achievement Test

Table 1 displays the descriptive statistical results for subjects’ perfor-
mance on the achievement test. The GLM ANOVA results (F(2,92)=14.56,
p<0.0001) indicates that there was a significant difference among the mean
scores of different groups. Post hoc multiple pair-wise comparisons of the
means were conducted by using Tukey’s studentized range (HSD) test. The
HSD procedure was chosen because it could eliminate experimenter error
and the group size was unbalanced. The comparison results indicate that stu-
dents in both proactive interaction group and reactive interaction group out-

Table 1
Means and Standard Deviations of Achievement Posttest or Each Group
n M&Eh fsnat:h)
Control Group 34 22.00 (4.50)
Reactive Interaction Group 30 25.80 (3.80)
Proactive Interaction Group 31 27.00 (3.30)

Note: 1 = number of subjects, M., = mean of achievement, S0,., = standard deviation of achievement
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performed those in control group. No significant difference was found
between the proactive interaction group and the reactive interaction group.

Analysis of Instructional Material Motivation Survey Scores

The means and standard deviations of IMMS data are shown 1n Table 2.
The ANOVA results (F(2,92)=3.28, p=0.04) indicate that there were statisti-
cally significant mean score differences among groups on the IMMS. The
HSD multiple comparison procedure was applied to examine the differences
of IMMS mean scores between groups. The results indicate that there was a
significant mean score difference between the reactive interaction group and
the control group; no significant differences were found between the proac-
tive interaction group and the reactive interaction group or between the
proactive interaction group and the control group.

The same procedures were used to analyze the subcategories of the
[MMS. For attention, the analysis indicated that the students in the reactive
interaction group obtained higher attention scores than those in the control
group, but there were no significant differences for proactive interaction
group compared to other two. For relevance and confidence, no significant
differences on mean scores were found among groups. For satisfaction, the
analysis indicated that students in the reactive interaction group obtained

Table 2
Means and Standard Deviations of Dependent Variables for Each Group

Variable |7 | Mms (SDwms) |Matt (SDat) | Mygt (SDre)) | Moo (SDeon) | Miat (SDsay)

Control
Group 34 1111.80(20.50) |[34.40(8.20) | 31.80(6.20) | 30.90 (6.60) | 13.80 (4.70)

Reactive
Interaction
Group 30 [123.90 (20.00) 39.30 (8.00) | 33.50(5.90) | 33.10 (5.80) | 17.90 (4.30)

Proactive
Interaction
Group 31 |121.20 (21.50) 37.60 (8.10) | 33.60 (6.40) | 33.70 (6.90) | 16.20 (4.10)

Note: n = number of subjects, Myus = mean of IMMS total, M,,, = mean of attention, M, = mean of
relevance, M., = mean of confidence, M, = mean of satisfaction, SDyws = standard deviation of
IMMS total, SD,, = standard deviation of attention, SO, = standard deviation of relevance, SD,,,, = stan-
dard deviation of confidence, SD,,= standard deviation of satisfaction.
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higher satisfaction scores than those in the control group, but there were no
significant differences of satisfaction scores for proactive interaction group
compared to other two.

Analysis of Time-on-Task

The means, standard deviations, minimum scores, and maximum scores
(in minutes) of time-on-task for each group are listed in Table 3. The
ANOVA test (F(2, 94)=11.50, p<0.0001) and HSD test results indicated that
students in the proactive group (M=27.5) and the reactive group (M=22.7)
spent more time on learning than those in the control group (M=17.7). No
significant difference was found between the proactive interaction group and
the reactive interaction group for time-on-task.

The quantitative results are summarized graphically in Figure 1. This fig-
ure illustrates the results for achievement, motivation (overall IMMS score),
and time-on-task.

Supporting Qualitative Results

Qualitative data were gathered from the interviews after the experiment
and the generative activities during students’ learning process in the proac-
tive interaction group. The interview explored subjects’ overall reactions
toward the instructional program and perceptions of the immediate feedback
and gencrative activity strategies. Some of the subjects were randomly
selected from each group and interviewed to provide their thoughts about the
instructional program, immediate feedback, and generative activities.

Most of the subjects liked the learning program because it was casy to use,
very informative, well organized, and beneficial. Students in the reactive inter-
action group were positive toward the elaborated immediate feedback because
it helped their learning in different ways: reinforcing what they read, clarify-
ing mistakes, knowing answers right away, and motivating them to learn.
When they answered questions incorrectly, the immediate feedback made
them review the learning content, reflect on the question and try to answer it
again. The following lists student comments about immediate feedback.

Table 3
Means and Standard Deviations of TOT for Each Group
n Mror (SDroy) Max Min
Control Group 34 17.70 (5.70) 31 9
Reactive Interaction Group 30 22.70 (8.70) 40 10
Proactive Interaction Group 31 27.50 (9.60) 55 11




The Effects of Different Levels of Interaction 379

That was really nice ‘cause you knew it right away. You knew 1f you kind
got the idea and what it tried to tell you. I really like those.

It was good I think. It motivated the student to answer questions.
It reinforced what you just read. If I did wrong thing, it clarified.

[ thought that was great. That’s a wonderful feature. It let you know right
away and let you practice what you just learned. That was great.

[ liked it. I liked it because I kept answering more than once. If you are
wrong, you can keep going. The quiz also helped.

If I were wrong, | would go back and look through the section following
the feedback and re-answer the question and realized why I was wrong. |
thought that was useful with the little thing coming up.

The reaction of students to the generative activity strategy was mixed.
Half of them had positive attitudes and half of them did not mind the activ-
ity. However, the generative activities made them reflect what they learned,
think more about the examples, and check the learning content. The follow-
ing comments came from the generative activity group.

Content is interesting. | thought the little self-generating things you have
to type and create your own examples. | thought that was interesting
‘cause it made you think the stuff you read, actually have to pay more
attention to it.

Achievement

TS e PP T PET P L ETT Y TS ST ESTE LI TT TP RPT PR ES RISt UEn PEE DAL T

| O Proactive Interaction
- |l Beactive Interaction
O Control

Figure 1. Graphical Summary of Quantitative Results
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[ thought that was good ‘cause it helped incorporate what you read from
the section and how you used it, how you actually be using 1t and how
you would be violating the copyright law. It helped. It implemented what
you learned.

[ thought it was good. Like I said it made you think the stuff you read and
actually made you pay more attention to the content.

The generative activity data from the proactive interaction level group
indicated that students completed the generative activities with high accura-
cy. The accuracy for six generative activities 1s 94%, 90%, 94%, 100%, 84%,
and 94% respectively. The overall accuracy was 93%. The high accuracy
means that students performed well in the generative activities during the
learning process.

DISCUSSION

Treatment Effects on Achievement

The results indicated that students in reactive interaction group outper-
formed those in control group. Adding elaborated immediate feedback makes
students interact with the learning material more and think more about what
they learn. Therefore, students have more engagement and invest more in the
learning process with a higher interaction between students and the learning
content. This leads to a deeper processing of the learning material with better
results. This result 1s consistent with the view that the higher the interaction
level, the better the instruction (Liaw & Huang, 2000; Sims, 1997).

The results indicated that subjects who received the instructional materi-
al with proactive interaction level also performed significantly better on the
achievement posttest than those who received the instructional material with
low interaction level. Adding generative examples/scenarios to the learning
process results in knowledge construction and generation by integrating new
information with prior knowledge. This is consistent with the expectations
for the proactive interaction level (Schwier & Misanchuk, 1993) and that
higher interaction leads to better results (Liaw & Huang, 2000; Sims, 1997).

The results indicated that subjects who received the instructional materi-
al with proactive interaction level may have performed slightly better on the
achievement posttest than those who received the instructional material with
reactive interaction level. But, the difference was not statistically significant.
Therefore, the hypothesis that proactive interaction would generate superior
outcomes to reactive interaction was not supported in this study.

There are several possible reasons for this result. First, the small number
of testing items and quality of the testing items likely affected the study
results. The small numbers of testing items make it difficult to detect the
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expected difference between the two groups. Second, the design of the
proactive interaction level material may not have been eftective enough to
distinguish between the reactive and proactive levels. In the learning mater-
1al, a generative activity was designed to come immediately after a practice
question. The students were asked to generate a similar example after the
practice. This design may have led students to generate examples/scenarios
without much deep processing of the learning content. Third, there might be
a significant difference between proactive interaction group and reactive
interaction group in the long term. However, this design used only an imme-
diate posttest. A delayed test might show the expected results because the
deeper mental processing yields better retention of the learning material.

Treatment Effects on Motivational Perceptions

The results indicated that subjects who received instructional material
with reactive interaction level demonstrated significantly better motivation
than those who received instructional material with low interaction level.
Qualitative data from the interviews strongly support this conclusion. All the
interviewed students who were 1n reactive interaction group expressed very
positive attitudes toward the program. They thought the program was very
informative, well organized, and easy to use. Many of them indicated that
they learned a lot from the program especially things that would be very help-
ful to their future teaching. Many of them thought that the immediate feed-
back was a great idea; it motivated and helped their learning by giving imme-
diate information, reinforcing what they learned, and clarifying mistakes.

The analysis of the performance of students on subcategories of IMMS
indicated that the learning material with the reactive interaction level drew
more attention than that with the low interaction level, and students felt more
satisfied with the learning material at the reactive interaction level than did
those with the learning materials at the low interaction level. Although the
differences were not statistically significant in the relevance and confidence
categories, the results showed a trend that adding immediate feedback was
better than none in terms of increasing the relevance of the instruction and
enhancing the subjects’ confidence.

The results of the data analysis indicated a trend toward higher motiva-
tion scores among subjects who received the instructional material with the
proactive interaction level compared to subjects who received the instruc-
tional material with the low interaction level. But, the difference was not sta-
tistically significant. Therefore, the hypothesis was not supported.

In the literature, no studies were found focusing on the motivational effects
of various generative activities. This study failed to provide empirical evidence
that learning materials with generative activities could arouse more motivation
than those without generative activities. By examining student performance on
subcategories of IMMS, it appeared that students in the proactive interaction
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group performed slightly better than those in the control group for all subcat-
egories. However, the differences were not significant. The data from the inter-
views corroborate these results because half of the interviewed students did
not have positive attitudes toward the generative activity strategy.

The results indicated that subjects who received the instructional matenal
with proactive interaction level did not outscore those who received the
instructional material with reactive interaction level and that the difference
was not statistically significant either. Given that the immediate feedback was
welcomed by the subjects and the generative activity strategy created mixed
feelings among the subjects, the result was not surprising. The analysis on the
subcategories of IMMS also indicated that both the generative activity strat-
egy and the immediate feedback strategy had almost the same effects on
drawing subjects’ attention, increasing the relevance of the instruction, build-
ing subjects’ confidence, and making subjects feel satistied with the learning.

Treatment Effects on Time-on-Task

The statistical analyses of time-on-task for three groups indicated that
students in the proactive interaction and reactive interaction groups spent
significantly more time on the learning content than those in the control
group, and students in the proactive interaction group spent more time on the
learning content than those in the reactive interaction group, although the
difference was not statistically significant. The interview data from the reac-
tive interaction group indicated that students reviewed the content following
the feedback information, reread the information to answer the question
again, and tried different answers when they were doing the multiple choice
practice questions. The interview data from the proactive interaction group
also demonstrated that students reflected on the content, reflected on the
example, and made sure they understood the content before they created
their own examples/scenarios. All these can explain the previously men-
tioned conclusion. The result is consistent with Lin’s (1995) research result
that students engaging a deeper level of processing spend more time on the
learning task.

By examining the correlation between the achievement and the time-on-
task, 1t was found that time-on-task was not correlated with achievement (»
= (.30). This implies that students who spent more time on learning did not
necessarily perform better, which supports Lins (1995) study. Although
deeper level information involves deeper mental processing and takes more
time (Liu, 1992), time-on-task should not be taken as an index of the depth
the processing and does not appear to be a decisive variable for determining
that information has been processed successfully at a deeper level or has
been well retained (Lin, 1995).
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CONCLUSIONS AND RECOMMENDATIONS

The findings of this study show that students who used instructional mate-
rials with embedded immediate feedback and generative activities outper-
formed those who used instructional materials without any strategy added on
the achievement posttest. However, the proactive interaction group did not per-
form significantly better than the reactive interaction group. Thus, the specu-
lation that a higher interaction level leads to better results was only partially
supported by the findings of this study. Furthermore, the findings indicated
that subjects demonstrated higher motivation toward the learning matenal
when they were exposed to instructional materials with immediate feedback.

The analysis of time-on-task showed that the group learning with gener-
ative activity strategy spent significantly more time on learning than the con-
trol group and spent more time on learning than the group learning with
immediate feedback. This confirms that greater mental effort or persistent
cognitive engagement takes more time. However the time-on-task was not
correlated with achievement, which implies that students who spent more
time on learning did not necessarily perform better.

[t was expected that the generative activity strategy would enhance learn-
ing compared with the immediate feedback strategy. The findings indicated
that students in the proactive interaction group did not outperform those in
the reactive interaction group. Also, the students in the proactive interaction
group did not demonstrate higher motivation than those in either the reactive
Interaction group or the control group.

As a result of these analyses, the following conclusions can be drawn.
First, embedding elaborated immediate feedback into web-based learning
materials enhances student performance because it can reinforce learners’
learning, clarify some concepts, and guide them through the learning con-
tent. With the elaborated immediate feedback in the learning process, stu-
dents can interact more with the learning content, process it more deeply,
and perform better, which confirms the belief that the higher the interaction
level, the better the instruction. Second, the example/scenario generation
strategy enhances student performance in a web-based learning environ-
ment. It helps the learner reflect on the learning content, implement what
they learn, and incorporate the learned information into their own subject
areas. This strategy is effective in improving students’ performance on their
learning at the application and analysis levels. Third, employing elaborated
immediate feedback in a web-based learning environment can motivate
learners by drawing more attention and increasing satisfaction with the
learning matenial.

Although this study yielded some encouraging findings about the effects
of different interaction levels on student achievement and motivational per-
ceptions, many 1ssues related to different aspects of this research have been
raised and need to be investigated in the future.
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This study employed an immediate posttest to evaluate student perfor-
mance on achievement. The results failed to support the hypothesis that stu-
dents in proactive interaction group would outperform those in reactive
interaction group. From the literature, it has been suggested that the deeper
the mental processing, the better the retention. Therefore, delayed posttest
research should be employed to examine the possible differences between
proactive interaction group and reactive interaction group.

In this study, the “track student” feature in WebCT was used to track the
time students spent on the learning material. However, it could not track the
time student spent on different parts of the learning material, the time stu-
dents spent on reflection, and the time students spent on reviewing the learn-
ing material. Those are very important aspects to understand the learner’s
learning process. Therefore, more advanced time tracking capabilities
should be used in the future research.

To design the instructional materials with proactive interaction focusing
on knowledge construction and generation, example/scenario generation
activities were implemented. There are many possible generative activities
involving different levels of mental processing ranging from coding to trans-
lation. Example/scenario generation involves mental processing at the inte-
gration level, which is lower than the translation level. Future research should
consider employing generative activities at the translation level to increase the
interaction level between the students and the learning materials.

The elaborated immediate feedback strategy was effective in enhancing
student achievement and motivational perceptions. This strategy was imple-
mented with pop-up windows. However, there are other ways to implement
feedback such as uploading a separate browser window or using different
layers. Future study may consider employing those techniques and assessing
their effects on learning.

All these efforts may yield useful information to further our understanding of
effects of learning materials with different interaction levels on student achieve-
ment and perceptions of motivation in a web-based learning environment.
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