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Abstract instructional contexts may allow for effective
_ _ _ _ educational use of electronic text.
While electronic text offers the potential to explain,  Although there has been a great deal of evaluation on

illustrate, and scaffold understanding in powerful new gffective browser design from a Human-Computer
ways, few ﬁ‘t“diei on educi_tionalluse of electronic text yeraction (HCI) standpoint, effectiveness has been
resources have shown significant learning gains, or even ; ’ -

measured learning outcomes in controlled experiments measwed Iargel_y m_ter_ms Of. efficiency of search or
(Chen & Rada, 1996: Dillon & Gabbard, 1998). In a €aS€ in information finding (Dillon & Gabbard, 1998).
follow-up to previous studies (Wiley & Voss, 1999), the While such fluency measures may be related to some
present experiments study the effects of different tasks €xtent to the amount of information a person is able to
and browser designs on navigation and reading patterns, recall after reading from computer screens, they may
as well as on memory and comprehension measures from not be correlated with whether a person develops an
electronic text. These studies have revealed that only ynderstanding of the text that is being read. A number
when both the task and the design support integration of stydies have shown that conditions that produce the
(such as in a two-windowed browser) and students are peg gyrface memory for text are not the best conditions
explicitly directed how to use the feature, do students for producing the best understanding of text (e.g

take advantage of thigexibility of the multiple-source ] .
environment, integrate across sources, and achieve the McNamara, et al., 1996; Mayer, 1999; Wiley & Voss,

best level of understanding. 1999). While surface memory may correlate with the
fluency or ease of information processing,
Introduction understanding may depend to some extent on the need

. . . . fo put effort into developing an underlying
One promise of using electronic text in the classroom is resentation or situation model of the text (Kintsch,

the potential for students to search for, access and re{aLe 98). Thus, previous assessments from an HCI
multiple forms of information about a topic. Since the o P . oo .
erspective cannot reliably indicate which screen

search for and navigation of digital documents i . ; .
ayouts will be most effective for promoting

student-initiated, requires student interaction, capturean derstanding from electronic text. Given this
the student's interest, proceeds at the student's OWCducational goal, browser design muét be evaluated
pace, and allows for flexible navigation ands ecifically usin ,measures of conceptual learnin
juxtaposition of multiple sources, a number of theorists P y 9 . P 9
In a review of the published studies on hypermedia

have suggested that the web might be a powerful togl . .
for student instruction (Beeman, et al 1987, Spiro &Zﬂg Igaggtl)r;% doﬂgcuonn;eir?letvﬁegtig?e% atr;]itlgi?forDr:Igg
Jehng, 1990). This optimism is consistent with a y P

number of recent cognitive studies demonstrating tha%g?g?ru]zichpg?mggtesﬁmstuh(ﬁzzr%eecif Wz?ed oLelarfr(])Err
activities that require readers to engage in active’ ' ' y
results that actually seemed to suggest an advantage for

constructive and integrative tasks lead to the best’” . . 2
understanding of the subject matter (e.g., Chi, dﬁeearmng from hypermedia over paper. In the majority

Leeuw. Chiu & LaVancher. 1994° McNamara. et al of studies there was no clear difference between
1996)' ’ ’ ' "learning from hypermedia and learning in a control

However, a review of the literature on educational(more traditional) setting. While this may be viewed

use of electronic text yields two striking conclusions.Qgéterog?é'gggﬁfggs arliae\gg?nnectiemtezat)eler?cr)n\l/cgrsferqcrr?an
First, students generally fail to utilize hypertext links Y

and multiple window capabilities effectively, if at all, as tradltl(;]n?l _classroom fmethods, thﬁre 'ﬁ hardly an
they read (Foss, 1989; Gordon, et al., 1988). This iQverw ”e ming b?.dy of evidence t_at the wek_) hqan
especially true of novice users (Foltz, 1996; Gray gJeneraly be relied upon to provide an enriching

. : . instructional experience.
Shasha, 1989; Tombaugh, Lickorish & White, 1987). : ”
And second. few studies on educational use of Of the four studies that netted positive learner

electronic documents, whether from stand-aloné)erformance’ only two seem to indicate that hypertext

. : may allow students to engage in learning at a more
hypermedia or the World Wide Web, have actually
shown significant learning gains (Chen & Rada, 1996_conceptual level. One of these reported that students

; S ._learned to recognize aircraft more efficiently and
Dillon & Gabbard, 1998). What is critically needed is : . ;
for experiments to determine which specific effectively when they were able to view the images



next to each other (and even overlay two images) in eepresentations of a situation will yield the most
browser during learning (Psotka, Kerst & Westermanconceptual learning in web-like environments. The
1993). Clearly the ability to juxtapose and overlayargument writing task promoted understanding because
images gave subjects a better concept of the aircraiftrequired students to integrate information from across
prototypes, and this allowed them to perform well onthe multiple sources as they created support for a thesis.
later recognition tasks. In a second study, Jacobson adhd, the multiple source condition may have promoted
Spiro (1995) found that a hypermedia environment asinderstanding by supporting the comparison and
opposed to a linear electronic presentation of the samiptegration of the individual sources.
materials allowed for the best performance on a This is an important finding, demonstrating
problem-solving essay task. Interestingly, the lineaempirically that electronic text can be an effective tool
presentation of the same material allowed for the bedbr developing student understanding. However, it is
recall of the facts. Unfortunately, no convergingimportant to note the very specific circumstances under
evidence of better comprehension in the hypertext vavhich better understanding may be achieved from web-
linear condition was obtained. However, the differencesike environments. For one, only students given a task
in essay quality suggest that students in the hypertexequiring integration of information across sources
conditions benefitted from the flexibility and ability to showed better learning from a browser. Otherwise,
jump between sources in the hypertext format, allowindearning from a browser was actually poorer than from
for better synthesis of the material that was presented. textbook. In fact, there were a number of particular
This result is consistent with perhaps the mosfeatures of the Wiley & Voss (1999) environment, any
consistently cited study on learning in hypertext (Egarof which may be important in order for the effect to be
et al, 1989) which found that a multi-window obtained:
environment called Superbook led to better essay
writing than a paper control condition. The site had a small set of documents.
Based on their review, and these last two studies in The documents were selected for the user.
particular, Dillon and Gabbard suggest that hypermedia The documents were largely relevant.
may afford particular advantages for learners on tasks There were no links embedded in the texts.
that require comparison across sources. Notably, when Each document fit in a single window.
students are not given the ability to view two sources at The task was well-defined and specific.
once in a computer environment, they perform less well The task required integration across sources.
than with paper on tasks which require integration The browser had two side-by-side windows.
across two documents (Wang & Liebscher, 1988). The overview menu was accessible through an icon.
Consistent with the intuition provided by these previous Images were presented in their own window.
studies, Wiley & Voss (1999) reported that students can Students were instructed to use both windows.
show better conceptual learning from a web-like Students were instructed how to use the menu icon.
environment when they are provided with multiple  Conceptual learning was assessed in the post-test.
windows and are given a task that requires them to
integrate information across sources. The present experiments directly test whether the
In one of few empirical studies evaluating conceptuatlesign of the browser with two side-by-side windows
learning from a web-like environment, Wiley and Vossmight have been critical for the better learning in the
(1999) demonstrated that reading multiple sourcesveb source/argument writing task condition. Although
presented in a browser can lead to better understandimgany computerized tutors and interactive environments
of subject matter than reading from a textbook. In thisise multiple windows, there has been little work on
study, students read about the Irish Potato Famineow students use multiple windows or the optimal
either from several on-line documents in a two-windowconditions for multiple window use (von Oostendorp,
web site or they read the same information in the formri996). Interestingly, the three other studies that suggest
of a textbook chapter. When students were asked tihat students can gain better conceptual understanding
write an argument of “What produced the significantfrom hypermedia environments (Egan, et al., 1989;
changes in Ireland’s population” instead of a narrativePstoka, et al 1993, Jacobson & Spiro, 1993) all used a
and read the on-line sources instead of the textboakulti-window display. However, there have been no
chapter, students gained the best understanding of tiséudies that have manipulated the number of windows
material. Understanding was assessed by the causal aaud directly measured comprehension. With converging
integrated nature of their essays, as well as theiata from essay tasks, comprehension tests and
performance on inference verification and analogyeyetracking protocols, the present studies address
identification tasks. Wiley and Voss (1999) concludedwhether a multi-window browser supports better
that tasks which require students to construct their ownnderstanding in a web-like environment.



Proportion of Transformed Sentences
Experiment 1 .

The first experiment investigated the effect of two- | § os
window browsers on learning historical subject matter| § o ENarrative
from a web site. This experiment tested the hypothesis £ 4, | W Argument
that the design of the browser had an impact on| § g, |
students’ understanding. Thirty undergraduates werg = |
asked to read 10 pages from a web site about the Irist One window Two windows — Two
Potato Famine in order to write either a narrative or an windows,
argument of what produced the significant changes in instructions
Ireland’s population. (The pages contained 5 texts
(about 1500 words), 4 tables, 1 graph and 1 map.) In o
addition, students either read the information from a Inference Verification
single-window browser, a two-window browser, or |
from a two-window browser with specific instructions | 8 3]
about why they were being given two windows. | § 98
Further in this third condition the list of documents was | s o3 | B Narrative
split across the two windows, so that in order to read all| 5§ 53 B Argument
of the information readers had to use both windows. 9 03

Student learning was assessed with a number of = 071
learning measures taken from Wiley and Voss (1999).] & o0+
Of most interest are three measures thought to reflec One window Two windows ~ Two
understanding: the proportion of sentences in studen aondows.
essays which represented an integration or

“transformation” of the presented information (as
opposed to simply copying the presented information), Similarity of Poll Tax
an inference verification task and an analogy task. The
inference verification task (IVT) contained 10

inferences that could be generated by integrating
information across two sources, such as “As rent cost
increased, emigration from Ireland increased.” as well
as 10 distractors. The analogy task consisted of sho
descriptions of potentially analogous events. Student
were asked to rate the similarity of the causes of eac

E Narrative
B Argument

Mean Similarity Ratin g
O FR,r NWMOOON O

event with the population decline in Ireland. These One window  Two windows — Two windows,
analogies were intended to vary in surface and dee . . .
similarity, and the critical analogy, the institution of a Figure 1: Experiment 1 Results.

Poll Tax in the U.S. South after the Civil War, was i i ) . N

intended to be similar only on a deep level (as it wadhe single window/narrative writing conditions on a_lll
related to sociopolitical inequities and class powermeasures_(ps<.05), but only when students were given
struggles, but there was no large-scale loss of life)SPecific instructions. _

Thus, recognition of the Poll Tax as causally similar to_ TW0 other sources of data may be of interest here.
the changes in Ireland’s population indicates alhe first is anecdotal evidence from a failed pilot study

particularly good understanding of the text. This ratingghowing that students are quite reluctant to use a two-
serves as the critical analogy task (CAT). window browser. In the first design of the two-window
The means for each condition on each measure aRfowser, | failed to set the frame so that it could not be
presented in Figure 1. Performance on all measuré§moved. The first thing that students did when they
was better when students wrote arguments as opposi¢re seated in front of a computer with the two-
to narratives (TRSENT. F(1,24)=14.9<.p1; IVT: window browser was click and drag that frame off the
F(1,24)=10.9, .01; CAT: K1,24)=11.23, g.01). Screen so they had one big window. It is important to
The main effect for number of windows only reachednote that I designed all my materials so that they would
Significance for the inference tas_k' F(2124):5_§!m! fit in a S|ng|e Slde-by-SIde window. ThUS, it was not
as did the interaction, F(2,24)=7.8%.@1. However, that students could not see all of the documents that
the interaction approached significance for thePrompted them to want a bigger screen. Their initial
proportion of transformed sentences (p<.15) as did thBreference was for a single window. Further, even once
main effect for number of windows on the critical the two-window browser was set so students couldn’t
analogy task (p<.13). Pairwise comparisons based on'§move the frame, many of them still failed to ever use
priori hypotheses revealed that the two-window/the second window. Instead, many students kept the
argument writing condition significantly outperformed ~graph in the right window and read through the sources



on the left. Only when students were given the specifievould call up documents in the other window, or skip
instructions and forced to use both windows did all ofto another document on the same list and look for
the students actually use both windows. particular sentences. The other student in the argument

Previous work with multiple window environments is condition began the second phase by calling up pairs of
consistent with these findings. Foss (1989) found thatocuments and alternated reading between the two.
about a third of people generally prefer simple screenknportantly, the sentences that these students tended to
and only having a single window open. This preventse-read were important for inferences about the causes
students from making important connections acrossf the Potato Famine. Eyetracking data revealed that
sources. Another third of readers did open more thastudents in argument condition spent more total time on
one window at once, but they did not use the multiplesentences important for inferences. Thus, the selection
windows effectively. Their screens quickly becamepatterns and eyetracking evidence suggest that under
messy and busy. Only a third of Foss’ subjects wereome conditions web sites can promote more active
able to use multiple windows effectively for a searchreading patterns, suggesting more active integration of
and decision making task. Tombaugh et al (1987), alsthe text at a conceptual level. Further, this second
found a general preference for and better search in ghase of reading, or review of documents, seems to be
single window environment, and found that only with particularly critical for understanding. It is what
practice in a multiple window environment were students do when they are reading from paper
participants able to use the overlapping multipledocuments, and what Dee-Lucas and Larkin (1995)
windows efficiently. Part of these results may be due tdbound when students effectively used structured
the overlapping window environment that was usedpverviews in electronic text.
however, as Instone, et al (1996) found that participants Taken together, these sources of data demonstrate
were able to use a tiled multiple-window environmentthat students need to have both a task and an
more efficiently than an overlapping window display. environment that forces them to be more active in order
Unfortunately, all of these previous experimentsfor students to gain the benefits of web resources. Only
measured the effects of the windows in terms of speedhen both the task and the design support integration,
and accuracy of search for information, and not in termand students are explicitly directed how to use the
of comprehension. Only the present study hageature, do students take advantage of the flexibility of
manipulated the number of windows and investigatedhe multiple source environment. Only then do students
how the use of multiple windows can lead to a betteintegrate across sources, selectively re-read sources,
conceptual understanding of the subject matter, as #&nd achieve the best level of understanding.
allows for the concurrent presentation of related The second experiment is an important extension of
concepts from different sources. this work using scientific texts as content. Of particular

A second additional source of information about howinterest is whether the ability to juxtapose two
readers behaved in the different conditions comes fromdocuments, while performing a task that supports
analysis of browsing logs and eyetracking data. Thesategration, will allow for better understanding of
sources indicated that both general instruction abowcientific concepts as well.
how to use web sources and specific writing instruction
yielded different navigation and reading patterns. A Experiment 2

ilot eyetracking study on 4 students in the 2- .
\F/)vindow)//2—list cor?dition g);/ives us a better idea of exactly Although there may be some differences between

how the students used these windows. Two of thesreeadlng from history and science-related text, when

students were told to read with the purpose of writing zgeaders must c_onnect information across documents, in
narrative, and the other two were told the argumen?rder to make inferences or construct global models of

instruction. Like all other students, these readers tend cﬁausahty, then simultaneous presentation of the sources

to begin their task by reading through each documen uf.egfedlﬁgttt;'f I'an(ﬁSSShotﬂg hifcorﬁgardéiszr?;]éﬂf
one at a time, in order. Students usually simply Wen?nve{sti ated the effect of two-window browspers on
down the documents in the list on the left side of th 19 f ientifi b si hi :
screen and then down the documents on the right si garn(ljngh rﬁm ahsc[entrl]m \r/]ve d site. Tf 'f] e;perlmenr;[
of the screen. During this initial reading phase, the eye sted the hypothesis that the design of the browser has

rarely left the document that was being read. At thi?ﬂ dlg:p?;(;u(;r:eztvv%?gtasslfg:jepc}n:gagnffserséagcshrf]r%mFgr\tzeb
point, both readers in the narrative condition stoppeé'. 9 pag

: : Site about Earthquakes and Volcanoes (based on
;izg';g angnd?g:r%?h;?e%a\:]vgreb;?ﬁdgtsgemgeinthﬁ:%ources from the USGS web site) in order to write

" ither an essay or an argument of “What caused the
?éggmsm condition moved on o a second phase (gxplosion of Mt. St. Helens?” (The pages contained 10

One student started over again from the beginnin exts (about 3000 words), 4 diagrams, 3 maps, and 2

starting at the top of the left window list and skimmed hotographs.) In addition, students either read multiple

the documents in order. But, from time to time, shesCUrces in a single-window browser, or multiple
sources in a two-window browser with specific



instructions about why they were being given tw
windows. Further in the two-window condition the list
of documents was split across both windows, so that

Proportion of Transformed Sentences

order to read all of the information readers had to ug o

both windows. This yielded a 2x2 (writing task x| § 08

presentation format) design with 10 students in each | § o6 HEssay

the conditions. g o4 W Argument
Student learning was assessed with a number | g

learning measures similar to those used in Wiley § £ %2 4 {

Voss (1999) and in Experiment 1. The same 0 ‘

measures of understanding are reported as One window Two windows,
Experiment 1. proportion of transformed sentence mstructions
(TRSENT), the inference verification and analog
tasks. The inference verification task (IVT) containec Inference Verification
10 inferences that could be generated by integratin
information across two sources, such as “Volcanoes g
likely to develop where continents collide” as well ag
10 distractors. The critical analogy task (CAT) aske
students to rate the similarity of the causes of the Kok
earthquake with the causes of the Mt. St. Helen
eruption. The Kobe earthquake was intended to K
similar only on a deep level (as it was related t
disturbance due to subduction of a tectonic plate, b One window Two windows,
there was no volcanic activity). Thus, recognition o instructions
Kobe as causally similar to Mt. St. Helens indicates
particularly good understanding of the text, and th
relation between plate tectonics and volcanic activity.
The means for each condition are presented in Figu

0.8

0.6 EEssay
0.4 +— H Argument

0.2 —

Mean Proportion Correct

Similarity of Kobe Earthquake

2 for the 3 tasks. As in Experiment 1, performance 9 2 ?
all tasks was better when students wrote argumer ¢ 6
(TRSENT: F(1,36)=8.96, u01; IVT: K1,36)=9.06, %i HEssay
p<..01; CAT: K1,36)=8.81, g.01). The main effect | £ 3 M Argument
for number of windows only reached significance foj ¢ 2
the proportion of transformed sentences, F(1,36)=6.8 é é
Q<-Ol- One window Two windows,
While none of the interactions were significant, base instructions
on previous results and a priori hypotheses, pairwis
comparisons were performed and revealed that the two- Figure 2: Experiment 2 Results.

window/argument condition outperformed the essay

conditions on all measures (ps<.08). However, it ioth the writing task and the number of windows

notable that although there was a trend toward a maicontributed to the effect, in Experiment 2, the effect of

effect for number of windows on the inference taskthe two-window browser on the understanding of the
(p<.14), there were no trends in either the windowssubject matter was not as evident. The argument writing
effect or the interaction on the critical analogy tasktask, however, did support better understanding in both
This suggests that while the best essay writing mafistory and science.

have occurred due to combination of writing task and There are many possible reasons for the differential
two-window browser, for the learning measures, theeffects of the browser design in these two studies. The
writing task alone was responsible for bettermost obvious are the differences in the materials that

understanding. students were presented with. More information was
presented in the scientific site. Further, looking at the
Conclusions and Implications single window/narrative essay condition as a baseline,

In both experiments, when both the task and th%"? g?undesr?tes thzgtbzzrig'egégfr;?;ts ;’:}ige rr]?fég ggfé/cugf
browser design supported integration, and there Wal%)ferences iﬁ the history test whe);eas tﬁe reco niozed
explicit instruction how to use the two-window y ’ y 9

A . . . ;
browser, students were able to write more integrateﬁﬂlxhi? % di?ffarlg:ﬁrek?ncdess g]?riﬁgﬂésmv\;gree Sucs'eégc?n sg]ee.
essays in a multiple window environment.  This ’ 9

condition also led to the best conceptual learning "Eles\:g% air:tjefgls?%ce Sﬁiz'tiolgetsﬁatﬂn\,cég]ggrga\éirlreeﬂtfo
both experiments. Although in Experiment 1 it seemed 94 y



pursuing (Wiley, Ash, Brodhead & Sanchez, 2001). Do Valbonne, France: L'Institut National de Recherche

students simply respond to history and science subject en Informatique et en Automatique.

matter differently? Are images processed differently inFoltz, P. (1996). Comprehension, coherence and

the two domains? Did the different types of images in strategies in text and hypertext. In Rouet, J.F. et. al.

the two sites lead to learning differences? Or, is the (Eds) Hypertext and Cognitian Mahwah, NJ:

difficulty of the subject matter driving these processing Erlbaum.

differences? _ _ Gordon, S., Gustavel, J., Moore, J. & Hankey, J.
Even though we are still looking for the Dbest (19gg) The effects of hypertext on reader knowledge

task/environment combination for conceptual learning representation. Proceedings of the Human Factors
from scientific web sites, taken together, the present Society 32nd Annual Meeting96-300

studies demonstratg that specmc conditions ar_%ray, S. & Shasha, D. (1989) To link or not to link
necessary for effective educational use of electronic Behavior Research Methods. Instruments. and
texts. In order for conceptual learning to occur, readers ’ ’ ’

P 9 Computers, 21326-333,

of electronic text may need a multimedia environmen

that promotes integration of the presented informatiorinsmne’ K., Teasley, B. & Leventhal, L. (1996.) Lessons
and certainly need a task that prompts integration across/€arned from redesigning hypertext user interfaces.
sources. Only through the specification and [N van Oostendorp & de Mul (Efi€ognitive aspects
demonstration  of which computerized learning Of electronic text processindNorwood, NJ: Ablex.
environments lead to better understanding, may wdacobson, M. & Spiro, R. (1995) Hypertext learning
begin to realize some of the educational potential of environments, cognitive flexibility and the transfer of

electronic text. complex knowledge Journal of Educational
Computing Researcth?2, 301-303.
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