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Abstract 

Hypertext systems have reached ubiquity in the World Wide Web (WWW). One of the most 
common side effects ofhypertext use is disorientation and this problem is exacerbated in the WWW 
environment. Povrerful workstations allow software engineers to create innovative interfaces that 
improve user per(ormance while minimizing such side effects. One such innovation is continuous 
zooming, an interface mecbanism that provides alternative control to scroUing and jumping. A 
series of studies were conducted to investigate how a continuous zooming interface affected user 
text comprehension per(ormaDCe in general and user disorientation. Results suggest that zooming 
in text is at least as good as hypertext jumping for comprehension tasks and that users are saiisfied 
with zooming even with minimal practice. 
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1 Introduction 

A fundamental chaiJenge for aiJ professionals is processing an increasing volume of electronic doc­
uments. Hypertext a llows users to move quickly among information objects but also causes the 
often-noted side effect of disorientation (e.g. Niel<~en, 1995). Today's workstations support new 
software mechanisms beyond scrolling and jumping and software designers are creating innovative 
tools for users who must scan and read electronic document.'l. One class of mechanism receiving 
oonsiderahle interest aiJows users to continuously zoom and pan. Zooming and panning certainly 
provide alternative means for quickly extracting meaning from electronic documents. What is not 
certain, is how these new mechanisrns influence overaiJ luunan per(ormance, especially the side 
effects of disorientation commonly as.'IOCiated with hypertext links. This study investigates how 
continuous zooming affects user comprehension and disorientation by comparing the results of read­
ing electronic documents in three interfaces: Netscape, a hypertext interface; Pad++, a zooming 
graph.ical interface using a zoom only condition; and Pad++ using both zoom and jtunp conditions. 

2 Background 

Hypertext provides the user with the ability to read ao electronic document in much the same way 
as the human mind works, by associating one idea with another through a series of links. The user 
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must decide which path to talre through the document aud thua becomes an active participant in 
the navigation process. Unfortunately, following many linkB, or nodes, often leaves the user with 
a sense of disorientation. Without tables of contents, page nu.mbers, or indices the user can easily 
become entangJed in a web of link.s and become " lost" (Balasubramanian, 1994). The interface 
needs to help the uaer to defioe a cognitive approach to mrieving information (Search, 1993). 

Disorientation may occur when the interactive uaer interface Cails to communicate to the user 
where he/sbe is in the physical space created by many linb or when the uaer loses a sense ofhis/her 
original purpoee in following a particular link (Mantei, 1982; Shneiderman, 1987; Foss, 1989; Gay 
and Mazur, 1991). More than a few dozen nodes or linb create visual and spatial perception 
problems Cor the user and thus result in disorientaUoo (Begeman and Cooklin, 1988). To avoid 
this, the navigator must be able to conceptualize the spece aa a whole (Darken,1996). 

Graphical user interfaces have contributed some solutions to tbe disorientation problems created 
by hypertext by putting the user in control o{ the interface through direct manipulation (Ziegler 
and Fahnrich, 1990). Direct manipulation most resembles human communication in that it is not 
restricted to words only, but uses gestures and signals (Booth, 1989). A varlety of control or 
signalling devices such as the keyboard, mouse, joystick, and trackball allow the user to scroll and 
jurnp through text while the interface provides immedia:te feedback to uaer actions. 

Pad++, a zooming graphical interface, adds tbe zoom featnre using a three-button mouse 
(Bederson, 1994). The entire text can be reduced to fit on one screen and the user can enlarge or 
decrease the sise o{ the font at will as well as move the text up and dowu (scroll) or side to side 
(pan). Appropriate input and output devices allow the user to bridge the gap between the goaJa 
of the user and the input actions as well as tbe gap between the system's feedback and the uaer's 
perception o{ attaining his/her goals (Hutchins, Hollan and Norman, 1986). 

3 The Problem 

Control mechanisms for digital information today are impoverished. Today's technology and design 
are limited to scroll and ju.mp (paging is a special case of ju.mp). Faster CPUs and improved 
display techoology support new types of user control mechanisms such as pan and zoom. ln 
particular, today's workstations support almost continuous zooming and panning that allow natural 
progressions of human perceptual processing rather than the discrete ju.mps currently supported 
by hypertext syatems such as Netscape on the World WJde Web. Since one of the basic problems of 
hypertext is disorientation dueto di.screte jumps, continuous zooming and panning offer alternative 
control mechanisms that may minimize such disorientations. Zooming and panning solutions haw 
been discussed as solutions in the abstract (e.g., Marchioníni, 1995) but we are now in a position 
to begin testing the actual effects of such user control mechanisms. 

Systems such as Spatial Management of Information (Donelsoo, 1978) and Pad++ (Bedenon, 
1994, 1996) provide continuous zooming and panning features for high-performance workstations 
and it is only a matter of time before such capabilities migrate to Jow-end workstations. Severa! 
theoretical and practical questions are offered by such developments. 

What are the challenges and opportunities of zoomiD«? What are the side effects of zooming? 
How does human performance change? What system per{ormance changes are required? How to 
best integrate zooming and panning into design? 

Researchers at the University of Maryland's Digital Library Research Group are particularly 
interested in how zooming and panning can be applied to text corpora. (Multimedia seems obvious, 
text is an essential knowledge representation form and will remain so for the foreseeable future). 
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4 Approach 

We have chosen to investigate how continuous zooming mechanisms affect user disorientation. Our 
maio approach is to conduct user tests with minimalist versions {blatant) oi zooming and jumping 
mechanisms. ln the second iteration of this work, user spatial abilities were considered as such 
abilities have been associ<úed with computer-based performance in other studies (Vincente,1987; 
Egan, 1988; Butler, 1990; Salthouse, et. al, 1990; Nonnan, 1994). 

5 lteration 1: The first experiment 

ln our first study {Páez & Silva & Marchionini 1996) we explored the bypothesis that using a 
zooming graphical interface minimizes user disorientation when reading docwnents in an electronic 
environment. 

We undertook an exploratory comparative study to address questions such as: ú the phys­
ical cmmgement of the docwnent important to understcnding? Is it more or leu dúorienting 
to jump from scrun to screen through c document, or have the entire document on one screen 
t.uith cll sections VÚU4lly cdja«nt to one another? Can ch4nging the c.omputer interface minimize 
dúorient4lion? Ccn it be more sctúfying to the wer? 

Thirty-six graduate students ranging in age from 22 to 42 were randomly assigned to read 
a hypertext document in either Pad++, a zooming graphical interface, or Mosaic, a jump-based 
interface. Questionnaires, observation, and taped interviews were used to compare and evaluate 
the use of the two interfaces with regard to leaming time, performance and user satisfaction. 

Disorientation 

On the questionnaire used in that experiment, two questions were aimed at disorientation specifi­
cally. Both the zoom and jump groups were asked to rate their feelings about being lost and their 
ability to recover from feeling lost. Likert scales were used with '1' indicating that they never felt 
lost and they found it very easy to recover versus '5' indicating that they always felt lost and it 
was very difficult to recover. The zoom group had a mean of 2.444 {std. dev.=0.856) on the scale 
of 1 to 5 for feeling lost, while the jump group had a mean of 2.167 {std. dev.=1.098) for the sarne 
scale indicating the jump group felt lost less often. A t-test showed that these differences were not 
statistically reliable (t=.85, p= .40). 

On the recover question, the zoom group had a mean of 1.611 (std. dev.=.778) as opposed to 
the jump group which had a mean of 2.000 (std. dev.=l.061). These results were not statistically 
reliably different (t=-1.23, p=.23) but suggest that the zoom group felt that it was easier to recover 
when they felt lost than did the jump group. 

The most ambiguous results on disorientation came from the question on a comparison with 
the World Wide Web. Although there was no specific mention of the Web with respect to use of 
applications in the demographic section of the questionnaire, participants oeither agreed nor dis­
agreed with the statement, "I feel more disoriented using the World Wide Web than Pad++." The 
mean was 3.00 with a standard deviation of 1.534. The Web with its links to millions of documents 
is often the butt of complaints concerning disorientation, so this resuJt was somewhat surprising. 
It was indicated that further research should target specific information about Web use/experience 
in order to make more accurate comparisons with Pad++. 
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Comprehension 

Both groups of participants wre asked to rate the effect jumping aod zooming had on their ability 
to comprehend the article. They were somewhat ambivalent about each system's effect on com­
prehension, leaning toward tbe negative end of the scaJe. The jump group had a mean of 3.556 
(std. dev.= 0.784) on a sc:aJe of 1 to 5 with '1' meaning that the system afrected comprehension 
very satisfactorily. The zoom group had a mean of 3.294 (std. dev.=l.160). Tbe t value was -.78 
with a p of .44. ln essence, tbe scores indicate that the zoom group rated their interface more 
satisfactory to comprehension. While the zoom and jump groups showed some ambivalence, still 
the zoom group score was c:Jc.er to '1' thao the jump group's score, '1' being most satisfactory. 
ln addition, the zoom group felt very con.fident that the Pad++ system was conducive to finding 
information. They rated tbe system 2.167 on a sca1e of '1' to '5' with '1' meaning Vf!C'! con.fident. 

They a1so were asked to aoswer five questiona which dealt with content, tbeir ability to locate 
aod comprehend information. People in tbe jump group had ao equal or hlgher percentage of 
correct answers across ali fi.ft questiona except for three tenths of a percent lower S;COre on question 
five. ln general, it could be concluded that the jump feature was more conducive to participanta 
finding correct information than tbe zoom feature. The mean number correct in the zoom category 
was 4.333 (std. dev.= .767) and 4.647 in the jump category (std. dev.=.606). More people in tbe 
jump category answered ali five questiona correctly (71%) as opposed to those in the zoom category 
(50%). 

Breaking a document down into main ideas and w.rious leYe1s of supporting information can redw:e 
learning time. Also, the clidt aod zoom maneuverability avoids the user having to learn special 
commaods, another aid in reduction of leaming time. Performance speed is improved by having 
the document in one physical space aod by having the ability to recover quickly from error. The 
result of user action is immediately visible. Even in this limited study, user satisfaction was high 
with Pad++ for reading electronic documenta. 

Our questionnaire addresaed these goals, but our quantitative data did not yield statistically 
reliable resulta. Although the zoom interface group felt that their comprehenaion was enhanced 
by the system, tbe jump group actually scored slightly higher on questiona based on content and 
used less time than those in the zoom condition. Further study is needed to determine whether 
these trends are inherent in the mechaoism or a novelty effect. Clearly, the problem of overshooting 
targets must be more fully investigated. This first explontion of the effects of continuous zooming 
interface mechanisms do suggest that continuous zooming is ao intriguing aod satisfying mecbanism 
for users. 

6 Iteration 2: Methodology 

The current experiment compared three distinct interfaces developed for the first three chapters 
of the book "Sparks of Innovation in Humao-Computer Interaction" edited by Ben Shneiderman, 
1993. The chapters were marked up into five leveis of granularity: titJe, main headings, subheadings, 
topic sentences aod the remaining text. Font sizes varied across ali leveis so that the entire paper 
was visible on a single screen in the continuous zooming version. Figure 1 shows a portion of 
the screen containing all font sizes. The jump version was implemented using Netscape and the 
continuous zooming version was implemented using the beta 0.2.2 version of Pad++. The study 
was conducted in a laboratory at the College. 
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The three treatments in the experiment were: 

• Jumping: Implemented in Netscape 
• Zoomiog: Implemented in Pad++ 
• Zoomiog/Jumping: Implemented in Pad++ 

Figure 1: Portion of the screen containing ali font sizes. 

Questions 

Our work was guided by four working questiona: 

1. Will users of the three interfaces have the same level of comprehension? 
2. Will users of the three interfaces require the same time to perform tasks? 
3. Will users of the three interfaces have the same levei of disorientation? 
4. Will users of the three interfaces have the same levei of ability to recover when they feel 

disoriented? 
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(a) Paper Folding Test - Vz-2; 
(b) 3 content questioo.naires; 
(c) 3 interface evaluatioos; 

4. portable cassette recorder. 

Procedures 

Each session consisted of tbese pbases: 

J.B.Silwl F1r.; LB.Pán; G.Man:Jdonini 

1. lntroduction: Subjects were provided with wrbal instructions and shown how to ma­
nipulate the interfaces. It was explained that their wrbal interaction with researcbers would be 
audiotaped. Anyone could decide to withdraw at any time. Zoom apeed is a user-controllable 
parameter in Pad++. ln this study a constant setting oC 12 on a 1 to 20 levei scale was Wled 
fi:>r ali participants with Pad++ in smooth zooming. Thia was bued on pilot teSting in the first 
experiment and personal experience with the system. Fbr the jump-zooming session, Pad++ was 
set with a speed of 3. This allowed the system to immediately present the paragraph on the screen 
in a central location and at a readable font size. 

2. Practice: ln Netscape, each person practiced with the mouse to scroll through a document 
to get an overall concept ol the layout of the document, to practice clicking to jump through the 
document to another screen, and to click on the "Badt" botton located in the top left..hand comer 
of the screen to return to the main document. 

With Pad++, participants used ali three buttona olthe mowre to practice reading the document 
in order to scroU and pan u well as zoom, which aUowed tbem to cb.ange the size oC the text. 
Participants could use either tbe mouse or the keyboard to activate the zoom feature to enlarge 
parts of the text in order to read it. 

Next, they were given five to ten minutes to practice using the system. This gave them practice 
with the three-button mouse, and a1so gave tbem an opportunity to get a sense of the hierarchlcal 
structure of the document while manipulating the text on the screen. For thoae who elected to use 
the keyboard instead of the mouse, arrow keys aUowed tbem to move left or right, up or down, that 
is, pan or scroU through the text. This second phase of the experiment was designed to allow tbe 
participant to become familiar with the equipment and to reduce anxiety about using the jump or 
zoom features in the two systems. 

3. Test: Everyone wu required to take the Paper Folding Test - Vz-2 to evaluate spatial 
understanding. The maximum time permitted for this phue was six minutes, with two segments 
of three minutes each. Also, we required everyone to answer content questions based on reading 
each document. The questioos were handed out one by one for each subject to answer them, after 
reading the entire article. Subjects were asked to point to the appropriate text on tbe screen in 
order to answer tbe questioos and were permitted to reler to the article . Each participant was 
given unlimited time to accomplish this. 

4. Evaluation: The sobjects were a1so give a questionnaire designed to solicit demographic 
information as well as their comments on each system. The last phase consisted of a taped interview 
with each participant. They were encouraged to share their view of the system tbey had just used 
and make recommendations for future research. During the entire experiment, field notes were taken 
as participants were observed in their tasks, asked questioos, or were interviewed. The researchers 
then listened to the tapes, expanded the field notes, and analyzed the results. Triangulation as a 
method of qualitative analysis was thereby assured through observation, questionnaires and field 
notes. Quantitative analysis was derived through the use of questionnaires. 
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The main independent variable was the type of interface: jump, zoom, and zoom/jump. A 
secondary independent variable was u.ser spatial ability as measured by a standard spatial ability 
instrument. 

The dependent variables 1Jied to address the research questions were: 
1. Performance on leaming wks. 
2. User satisfaction. 

Subjects 

The population from which this study's sample was drawn were graduate students enrolled in 
the College of Library and Information Services at tbe University of M.aryland who were asked to 
volunteer to talce part in the experiment. Fifteen students ranging in age from 23 to 60 participated. 
The mean age of ali participants was 35.2 years; ali had experience using a variety of computer 
types, including IBM PCs or clones, Macintosh, and mainframes. Ali used computers whether daily 
or a few times a week and 'llll'ere familiar with a variety of applications: processing, spreadsheets, 
games, on-line searching, &-mail, programming languages, and the Internet. This information is 
summarized in Tables 1 and 2. 

Table 1: Subjects' baclcground. 
Subjects• baclcground 

Mean age (23 - 60) 35.2 
Used three types computers 20.0% 
Used &-mail 100.0 % 
Used World Wade Web 100.0% 
Used on-line searching 86.7% 
Used word processar 93.3 % 
Usedspreadsheet 73.3 % 
Used games 60.0 % 
Used programming languages 33.3 % 

Table 2: Compnter use. 
Computer use 

Percent 
Every day 86.7 
A few times a week 13.3 
A few times a month 0.0 
Rarely or never 0.0 

Apparatus 

Experimental material included: 

1. a Sun SparcStation 10 with a 21" color mmútor; 
2. consent form; 
3. questionnaires: 
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Administration 

Two series of 45-minute experiments were conducted over a period of three weeks. The subjects 
signed a consent form and were aslced to sit in úont of a workstation alter the workstation was set 
up. Weekly moming, afterooon and evening bours were made available. During the experiment, 
the researcher sat beside the subject and assisted him or ber whenever tbere were difficulties. Each 
practice session and each test phase was timed. 

7 Results and discussion 

Our primary objective in this paper is to study tbe disorientation in electronic environments asao­
ciated with each experimeoAl condition. AU subjects were tested on aU treatments. Consequently, 
this section re.ftects both quantitative and qualitative measures. Tbe following results were gatbered 
from the subjects' responses to the questionnaires. 

Learning 

On tbe questionnaire used tt the Pad++ group, we aaked h01IJ euy it -., to leam to we 1M 
'fitem with nnooth zooming or jump zooming, that is to become familiar with tbe three-button 
mouse and be able to manipulate it to use the zoom feature. Sixty percent of participants felt tbat 
it was very easy to learn to use Pad++ smooth zooming and 27% said it was difficult. 'Thble 3 
shows th&t on a Likert scale oC 1 to 5, with '1' n!pl'eaeDtiD« eaaiest, the mean score was 2.27 witb a 
deviation of 1.58. Also, 67% of participants felt that it wu very easy to learn to use Pad++ jump 
zooming and 13.% felt that it was difficult. Tbe mean acore was 2.13 with a deviation o( 1.25. 
Observations made during the experiment indicated that almost aU of the subjects had a diflicult 
time in using the three-button mouse for the first few minutes. 

This question did not afrect tbe Netscape group because everyone bad previously used tbat 
interface and were familiar withjumping and scrolling. Leaming with regard to content is addresaed 
be1ow in tbe section of the results which discuss comprehension. 

Comprehension 

Ali participants were aslced to rate the efl'ect o( each condition (jump, zoom, and zoom/jump) on 
their ability to comprehend tbe electronic document they had read. On a scale of '1' to '5', tbe 
jump group had a mean of 3.13 (std. dev.=0.74) indicatiD« the participants were ambivalent about 
whether or not Netscape would afl'ect their comprehension. The zoom group in Pad++ had a mean 
o( 1.93 (std. deV=1.28) and the zoom/ jump group had a mean of 1.80 (std. dev=0.56) indicatinc 
that they felt very confident that the interface would help tbem with comprehension. 'Thble 4 
provides results úom a One--y ANOVA using a Modified LSD (Bonferroni) test that illustrate 
that there is a statistically reliable difl'erence shown. 
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It could be concluded that Netscape was less conducive to finding imormation than Pad++. 
The differences may have iDdeed been more dramatic if tbe Netscape participants had had an 
opportunity to jump to lDOI'e than one levei. Severa! people mentioned in their interviews that if 
there were more levels they would have had a more diflicult time bepinc track of the oontent of 
the document. 

All participants were a1so asked to answer severa) oontent questions for each document including 
some true/false questions. ~les 5, 6, and 7 show that users wbo perceived the system as diflicult 
answered fewer questions correctly and participants who perceived tbe system as conducive to 
learning answered more quesüons correctly. ln tbe Netscape jump condition , tbe mean number 
of correct answers was 5.53 (Table 5). ln the Pad++ zoom oondition, the mean score for oorrect 
answers was 6.87 (Table 6), wbereas the mean score in the Pad++ zoomfjump oondition was 
5.28 (Table 7). Although these results do not show statistically significant differences, they do 
reftect participants' confideoce leveis: subjects were more oonfident that zoom would help tbem 
find oontent than zoomfjump and scores were indeed higber for zoom than for zoomfjump. It 
must be kept in mind that a strict comparison of scores cannot be made since scores reflect three 
different electronic texts each with its own set of content questions. 

Table 4: Comprehension/Capability to find informatioo. 
Comprehension/Capability to find information 

Rate of confidenc:e find information Mean Std. Dev. (•)signif. diff. 

Pad++ jump smooth 1.80 .56 • 
Pad++ smooth zooming 1.93 1.28 • 
Netscape jump 3.13 .74 
One-way ANOVA p.0003 
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Table S: Ccaent questiona for Netscape JUMPING s 
JUMPING individual aad total number correc:t SUIDID8.l')' (l=c:orrect) 

Subjec:t-Id Ql Q2 Q3 Q4f Q5 Q6 QT Q8 Tot-cor. Túne (m.) 

A1 1 1 1 1 o o o 1 s 13.37 
A2 1 1 1 1 1 1 1 o 7 8.02 
A3 1 1 1 1 o 1 1 1 7 17.01 
A4 1 o o 1 o 1 o 1 4 12.37 
AS 1 1 1 1 o 1 1 1 7 28.00 
A6 1 1 1 1 1 1 1 1 8 10.46 
A7 1 1 1 1 o 1 1 1 7 10.33 
AS 1 1 1 1 o 1 o 1 6 1S.36 
A9 1 1 1 1 1 o o 1 6 . 8.42 
AlO o 1 o 1 o 1 o 1 4 14.23 
A11 o 1 1 o o o o 1 s 7.48 
A12 o o o 1 o 1 o o 2 S.50 
Al3 1 1 1 1 o o o 1 s 6.23 
A14 o o 1 1 o 1 o 1 4 4.48 
A1S o 1 1 o 1 1 1 1 6 16.29 
Total/Mean 10 12 12 13 4 11 6 13 S.53 11.84 

Table 6 <Arte C. Pad ZOOMING : nt quest10ns or ++ summary 
ZOOMING individual aad total number correc:t aummary (l=correc:t) 

Subjec:t-Id Ql Q2 Q3 Q4 QS Q6 QT Q8 Tot-cor. Time (m.) 
A1 1 1 1 1 1 1 1 1 8 7.82 
A2 1 1 1 1 o 1 1 o 6 13.47 
A3 1 1 1 1 1 o o 1 6 8.1S 
A4 1 o o 1 1 1 1 1 s 13.1S 
AS 1 1 1 1 1 1 1 o 7 S.36 
A6 1 1 1 1 1 1 1 1 8 18.50 
A7 1 o 1 o 1 1 1 1 6 3S.OO 
A8 1 1 1 1 1 1 1 1 8 10.00 
A9 1 1 1 1 o 1 1 1 7 7.48 
AlO 1 1 1 1 1 1 1 1 8 10.58 
All 1 1 1 1 1 1 1 o 7 9.24 
Al2 o o 1 o 1 o 1 o 3 4.17 
A13 1 1 1 1 1 1 1 1 8 6.06 
A14 1 1 1 1 1 1 1 1 8 4.S2 
AIS 1 1 1 o o 1 1 1 6 14.31 
Total/Mean 14 12 14 12 12 13 14 11 6.87 11.19 
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Table 7· Contem questions for Pad++ ZOOMING/JUMPING summary 
ZOOMING/JUMPING individual and tot. number correct summary (1-correct) 

Subject-Id Ql Q2 Q3 Q4 QS Q6 Q7 Q8 Q9 QlO T-eor.(*) Time (m.) 

A1 1 1 1 1 o 1 o o o 1 6 9.34 
A2 1 1 1 1 1 1 1 1 1 o 9 12.15 
A3 1 1 1 1 1 1 o o 1 1 8 6.11 
A4 1 1 1 1 o o o o 1 1 6 8.22 
AS 1 1 1 o o 1 1 o 1 1 7 4.32 
A6 1 1 1 1 1 o o o 1 1 7 20.24 
A7 1 1 1 1 1 1 1 1 1 1 10 15.00 
AS 1 1 1 1 o o 1 1 1 1 8 7.25 
A9 1 1 1 o o o 1 1 1 1 7 9.11 
AlO 1 1 1 1 1 o 1 1 1 1 9 9.04 
All 1 o o o 1 o o o 1 o 3 15.35 
Al2 1 o 1 o o o o o o 1 3 5.08 
Al3 1 1 1 o o o o o o o 3 15.01 
A14 1 1 1 o 1 o o o 1 o 5 9.37 
A15 1 1 1 1 o 1 1 o 1 1 8 6.49 
Total/Mean 15 13 14 9 7 6 7 5 12 11 6.53 10.14 

(*) Representa row data scores adjusted for purpose of companson. 

Spatial Visualization vs. Content 

Table 8 shows the results of the Paper-foldiJli Test (Ekstrom, Et. al. 1976), which measured 
spatial visualization, compared to the results of the comprehension scores. Tables 9 and 10 break 
out comprehension scores for users above and below the mean visualization scores. Participants 
who scored above the mean oo the spatial visualization test, that is above 52.5%, also scored above 
the mean on the percentage oC questiona an.<iWered correctly in two of the three conditions. 

The Netsca~Jump group had a mean o( 6.0 correct answers with a standard deviation of 
1.20 as opposed to the group wbo scored below the mean who averaged 5.0 correct answers with a 
standard deviation of 1.95. For the jump condition, a strong correlation was found between spatial 
visualization ability and comprehension performance (R=.58, p=.02). 

Similar but weaker resulta were found in the Pad++-Zoom group: the group who scored above 
the mean on visualization, scored above the mean for correct answers (6.88 correct answers, std. 
dev.=0.83). The group who scored below the mean on visualization, scored below the mean on 
number o( questions answered correctly: 6.86(std. dev.= 1:86). Thi.'l condition did not yield a high 
correlation between visualization ability and comprehension performanc.e, although it was in the 
positive direction (R=.22, p=.43). 

ln the Pad++-Zoom/Jump condition, those who scored above the mean on visualization had 
a mean score of 6.50 (std. dev.=2.62 ) while the group who scored below the mean on visualization 
had a mean score o( 6.57( std. dev.= 2.07) on content questions. A strong correlation was found in 
visualization ability and comprehension performance (R=.43, p=.ll). Thus, the expected positive 
relationship between visualization ability and comprehension performance was found in the jump 
condition which was familiar to users and the mixed condition to a lesser degree. The novel 
zoom condition apparently mitigated the predicted relatioJLc;hip between visualization ability and 
comprehension performance. Whether this is dueto the limited practice subjects in this study had 
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or to some interface effect oC zooming bears furtber in-vestigation. 
There were no strong relationships between visualization ability and time to answer comprehen­

sion questions for any of the three treatment conditions üump R=.06, p=.83; zoom R=.l9, p=.49; 
jump+zoom R=.l6, p=.58). However, of the eight people (53%) who felt that Pad++ zoom would 
allow them to find content easily (they rated the system '2' on a Likert scale of '1' to '5'), 75% 
of them Uled less than the mean time to answer the content questions. By the same token, four 
participants (27%} rated Pad++ zoom '4' on the scale indicating they were not confident that they 
would be able to use tbe system well to find content. ln the Pad++ zoom/jump condition, again 
53% of the participants felt that they would be able to &nd content easily ('2' on a Likert scale 
of '1' to '5'). Ofthese eight people, 89% were able to complete tbe questionnaire and answer the 
content questions in less tbau the 10.14 minutes which was the mean time. The two participants 
who felt it was unlikely ('4' 011 the scale) that they would find content easily actually did take much 
Ionger than the mean time to answer the questions, needing 15 minutes each.. 

e : aper- o ung est -Tabl 8 p r. ld' 11 VZ-2 
Paper-íolding Test - VZ-2 vs. Content questiona 

Subject-Id Score Test-vs Nets. Jump Pad Zoom Pad ZoomfJump 
Al 27.0 5 8 5 
A2 95.0 7 6 9 
A3 74.0 7 6 8 
A4 48.0 4 7 6 
AS 59.0 7 7 7 
A6 37.0 8 8 7 
A7 64.0 7 6 10 
AS 45.0 6 8 8 
A9 69.0 6 7 7 
AlO 43.0 4 8 9 
All 60.0 5 7 3 
Al2 0.06 2 3 3 
Al3 54.0 5 8 3 
Al4 63.0 4 8 5 
Al5 50.0 6 6 8 
Mean 52.5 5.53 6.87 6.53 

User System Preference 

Fourteen of the fifteen participants responded to the question concerning user system preference. 
Wben asked to compare the three interfaces a.<1 a medium in which to read electronic documents, 
36% of the participants preferred Netscape, 29% preferred Pad++ with zoom, and 36% preferred 
Pad++ with zoom/jump. ln other words, 72% of the participants preferred an interface that 
allowed them to quicldy access a specific portion of the text and to have it at a readable font size. 
They preferred to "jump" to information rather than to have to scroll and zoom. This has design 
implications for ali systems. 
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Tabl 9 s b" h . p {; ld" 11 e : u >Jects over t e mean m •aper- o mg est- VZ-2 
Spatial visualization vs. Contenta 

Subject-Id Score Test-vs Neta. Jump Pad Zoom Pad Zoom/Jump 

A2 95.0 7 6 9 
A3 74.0 7 6 8 
AS 59.0 7 7 7 
A7 64..0 7 6 10 
A9 69.0 6 7 7 
Ali 60.0 s 7 3 
Al3 54.0 s 8 3 
Al4 63.0 s 8 s 
Mean 67.3 6.0 6.88 6.SO 
Std. Dev. 12.8 1.20 .83 2.62 

Table 10: Subiects be1ow the mean in Paper-foldin,; Test - VZ-2. 
Spatial visualization vs. Contenta 

Subject-Id Score test-vs Nets. Jump Pad Zoom Pad Zoom/Jump 

Al 27.0 5 8 s 
A4 48.0 4 7 6 
A6 37.0 8 8 7 
AS 45.0 6 8 8 
AlO 43.0 4 8 9 
Al2 0.06 2 3 3 
AlS 50.0 6 6 8 
Mean 35.7 s.o 6.86 6.S7 
Std. Dev. 17.5 1.95 1.86 2.07 

Disorientation 

Ali participants in ali groups Wt some disorientation. Tbere were no signilicant differences among 
groups. On a Likert scale of '1' to 'S' tlte Netscape group rated disorientatioo 2.20 (std. dev.=l.Ol); 
the Pad++ zoom group rated it 2.07 (std. dev.= .59); the Pad++ zoom/jump group rated it 2.33 
(std. dev.= .90). These numbers do not change greatly if we look at participants either over 
the mean age of 3S or below it. Across the three groups the scores were 2.28, 2.14, and 3.0 
respectively for those over 35. For those under 35, the scores were 2.13, 2.0, and 1. 7S. For tbe 
younger participants at least, tbere wa.c; a little 1ess sense of disorientation in the Pad++ zoomfjump 
group, but again, no statically 11igni6ca.nt differences. A One-way ANOVA using a Modi6ed LSD 
(Bonferroni) test for ali three conditions showed no two group.c; were significantly different at the 
.OS levei. 

We also aslced participants to rate bow difficult it was to recover when tbey did feel some sense 
of disorientation. The Netscape group on a SCAle of '1' to 'S' lta.d a mean of 1.87 (std. dev.=l.l9} , 
while the Pad++ groups had means of2.27 (std. dev.=l.l6) and 2.07 (std. dev.=1.16) respectively. 
It would appear that the jump feature in Netscape and Pad++ jnmp provided some slight advantage 
to recover from feeling lost. However, ANOVA test.c; Rltowed no Rtatistically signi6cant differences 
at the .OS levei. 
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Conclusions 

There are no c:onclusive answers to the four work:ing questions for this in\'e!ltigation. With reference 
to the question concerning oomprehension, users of tbe three interfaces exhibited almost the same 
levei of c:omprehension. lt atill must be noted, however, tbat zoom and zoom-jump participants 
sc:ored higher on comprebension. With respect to time, users of the three interfaces exhibited 
a1.most the same ~~ of time necessary to answer tbe questions. or course it must be kept in 
mind that some time was la8i uaing the zoom condition since there was no mecban.ism present to 
adjust the zoom automatically. For example, ability to zoom was infi.nite often resulting in the 
participants zooming olf the acreen. Future development of tbe Pad++ aystem needs to address 
the issue of infinite zooming. 

Our quantitative data did not yield statistically reliable results to the questions about dis­
orientation and recovery from disorientation. Neverthelesa, subjects performed equally well in all 
oonditions with the Pad++ zoom oondition favored slightly on comprehension performance and 
self reporta of disorientatioo. It is alao the authors' obeervation that participjUlts exhibited less 
disorientation using the zoom interfaces. 

ln addition, we aimed to difrerentiate user per{ormance a.cross the jump and zoom conditions by 
assessing user visualization abillty as a oovariable. A strong positive correlation was found between 
visualization ability and taak performance in the Netscape jump oondition. It is likely that these 
results are due to tbe novelty of the Pad++ zoom interface and limited practice (1(}.15 minutes 
before conducting tasks) with the three-button mouse for aooming and panning. Nevertheless, sub­
jects were highly favorable to the zooming condition and severa! observations and reoommendations 
can be made. 

8 Recommendations for additional investigation: 

Zooming provides severa! advantages not addressed by this study. First, it allows users to get an 
<M!l'View of an entire documeot or information space.· Several subjects in these studies commented 
on tbe ability to see an entire article on one screen and tben JDOYe in and out of leveis of detail 
easily. Second, zoom allows use:rs to increase tbe size of fonts to comfortable reading leveis, an ability 
important for users of difl'erent ages and eye conditions. Third, zooming provides an alternative 
to the scroll and jump mecbanisms available in today's workstations and peraonal computers. 
The studies reported here illustrate tbat subjects did not perform worse with aooming than with 
more familiar mechanisms and were highly intrigued by the possibillties of using zooming. '1'aken 
together, these results suggest tbat software engineers consider integrating aooming mecbanisms 
into interfaces as workstation technology continues to improve. 

A number of issues aroee in these studies that suggest future iD\'e!ltigation. First, wbat are 
the effects of screen size? ln these studies, a large, 21 inch color display was used and the effects 
of more typical small displays shonld be studied. Second, the zoom speed greatly affects user 
performance. A study of difl'erent zoom speed oonditions will inform designers about what speeds 
to set as defaults. For text documents, the ratio between font sises in difrerent leveis of textual detail 
requires investigation to determine default settings and control parameters for users. Finally, it is 
essential that automatic means of extracting textual summarieft be developed if continuou.<~ zooming 
is to be fully implemented for text documents. This is a long-standing problem in information 
retrieval and natural language processing. Other questions will certainly be raised as designers 
gain more experience with zooming mechanisms. User studies are an integral part of tbe software 
design process to inform subsequent iterations, help discover design principies, and identify new 
goals for software design. 
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