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Abstract 
 

The process of classifying information can be a complex task, especially when there are multi-

ple taxonomies. Creating effective user interfaces for searching large, multi-taxonomic hierar-

chies for information classification purposes is a relevant problem facing human-computer in-

teraction (HCI) researchers and practitioners. This study evaluated the effectiveness of over-

view and zoom capabilities in facilitating the task of classifying information in multi-taxonomic 

hierarchies. Usability tests of alternative interface designs were conducted within an experi-

mental context. The experimental task involves classifying objectives for an information sys-

tems course into the multi-taxonomic hierarchies of the IS’97 curriculum model.  Overview 

and zoom capability was operationalized by a multiwindow interface design, and the addition 

of dynamic query features were used to further increase the level of overview and zoom.  Par-

tial support was found for asserting increased levels of overview and zoom lead to increase 

subjective satisfaction, lower error rates, and less time required to complete the experimental 

task.    
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1.   MOTIVATION 

One of the primary goals of our study was to 

determine which interface characteristics 

would be useful in creating an interface that 

would aid professors and instructors in the 

classification of the courses they teach using 

the then IS’97 (now IS 2002) curriculum 

model.  The researchers believed that if the 

interface were both effective and efficient 

from the standpoint of the end-users, the 

higher the likelihood they would complete 

the task and achieve the desired result – a 

thorough description of their courses based 

on the IS ‘97/IS 2002 curriculum model. 

A successful system could support several 

activities important to the IS 2002 effort.  

First, the IS 2002 Committee would be able 

to validate that most of the concepts in the 

curriculum model are currently being taught 

by Information Systems (IS) programs.  

Second, it would enable IS programs to de-

termine which concepts (learning units) in 

the model are not being addressed by their 

current IS program curriculum.    Finally, it 

would be a useful tool when assessing an IS 

program for accreditation purposes. 

A major challenge in building a successful 

system is finding the interface characteris-

tics that best support the classification task 

using this model.  This is a complex task 

because the learning units in the IS 2002 

model can be presented to the end user in 

one of several possible hierarchical struc-

tures, or taxonomies. Any one of these 

might be useful depending on the user’s 

cognitive style and other factors. A review of 

the literature revealed several possibilities 

that were incorporated in experimental in-

terface designs. 

2.   BACKGROUND 

The first step was to decompose the overall 

task of classifying courses using the IS‘97 

Learning Units down into a set of general 

component tasks that could be compared 

against the existing research.  For their 

model, the researchers used Shneiderman’s 

“Data Type by Task Taxonomy”, or TTT for 

short (Shneiderman 1998).   

Based on our analysis of the curriculum 

mapping task, the browsing, searching, se-

lection, and filtering component tasks were 

further refined to fit the seven general tasks 

within the TTT Model.   

The Overview task of the TTT Model related 

to the classification tasks of browsing and 

exploring the descriptive elements in the 

IS’97 model, that is, the learning units.   

The Zoom task described in the TTT Model 

related to the classification task of allowing 

the user to see increasingly detailed infor-

mation about each level of the taxonomy 

selected, down to the level of the learning 

units.  

The Filtering task in the TTT Model related to 

the need to allow users to remove unrelated 

descriptive elements of the taxonomy based 

on some dimension.  

The Details-On-Demand task in the TTT 

Model related to the need to navigate a tax-

onomy by clicking on nodes at each level, 

and to immediately see the related nodes on 

the level below, down to the specific learning 

units.   

The Relate task in the TTT Model was related 

to the need by the user to perceive the rela-

tionships of groups and subgroups in each 

taxonomy, and to relate the learning units to 

their course.  

The History task was related to the need to 

allow users to keep a list of descriptive ele-

ments that they have indicated as being 

relevant to the target datum, as well as the 

path the have taken in navigating the taxon-

omy.   

Finally, the Extract task in the TTT Model 

was related to the need to drill down to 

through the levels of the model taxonomies, 

and extract the information necessary to 

determine the relevance of individual de-

scriptive elements. 

Another part of the TTT model also describes 

“data types”.  Shneiderman (1998) states 

that the data types “characterize the task 

domain information objects and are organ-

ized by the problems that users are trying to 

solve.”  The tree data type is a good descrip-

tor of the IS ‘97 model when it is viewed as 

a single taxonomy.  Because multiple tax-
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onomies exist in the model, the multidimen-

sional data type may also be applied 

Several interface paradigms were identified 

in previous research that have been shown 

to support these types of tasks and one or 

more of these TTT data types.  These include 

static hierarchical views, expand-contract 

views, dynamic queries, and multi-window 

views. 

Static hierarchical views resemble the table 

of contents in a paper-based publication 

(Chimera and Shneiderman 1994).  While 

common, this approach was found to be 

problematic when the hierarchy is large 

enough to overwhelm the available screen 

space when used online.  It is easy for the 

user to get lost and not perceive the on-

screen information in the context of the 

global hierarchy (Chimera and Shneiderman 

1994).  Additionally, the time required to 

scroll through the list increased the time it 

takes for the user to perform the search and 

browse tasks.  The IS 2002 model certainly 

falls into the category of a large hierarchy 

due to both the number of learning units and 

the details required to evaluate them for 

relevancy. 

In order to alleviate these problems with the 

static view approach, previous research 

showed two interface paradigms that pro-

vided “overview and zoom” capabilities.  

These interfaces include the familiar “expand 

and collapse” tree view interface, and the 

“multipaned” or “multiwindow” approach.  

Previous research suggested that the multi-

window approach might be superior to the 

expand-collapse approach because the 

higher-level global information cannot be 

pushed off-screen (Chimera and Shneider-

man 1994).  For this reason, it was deter-

mined that the multiwindow interface 

showed the most promise. 

Another interface which showed promise was 

the Dynamic Query interface. One study 

showed significantly lower performance 

times for complex searches using dynamic 

queries as opposed to natural language que-

ries and paper-based approaches (William-

son and Shneiderman 1992).  Further re-

search by Kumar et al. (1997) demonstrated 

high levels of subjective satisfaction and re-

duced performance times when browsing 

hierarchical data with dynamic queries and 

pruning, which can be considered a form of 

filtering. 

3.  RESEARCH MODEL AND HYPOTHESES 

Based on Shneiderman’s (1998) synthesis of 

prior literature, there are three sets of fac-

tors that affect the successful completion of 

a task using a user interface: individual user 

characteristics, the interface characteristics, 

and the characteristics of the task itself.  

Because the interface characteristics were 

the primary focus of this study, the individ-

ual user characteristics and the nature of the 

task were controlled for in the research de-

sign. 

The research model is presented in Figure 1.  

Two interface characteristics were deemed 

necessary to produce classification task suc-

cess.  These are “overview and zoom” capa-

bility and “filtering” capability.  Since previ-

ous research demonstrated that interfaces 

with overview and zoom capabilities produce 

better results than static views (Chimera and 

Shneiderman 1994), it was expected that 

these capabilities would contribute positively 

to the success of the general classification 

task. 

Filtering capability allows the user to remove 

those parts of the hierarchy from considera-

tion that have been identified as not relevant 

to the target datum.   One study (Kumar et 

al. 1997) devised an interface that combined 

two “tightly-coupled” views of hierarchical 

data with dynamic queries used for pruning 

the hierarchical tree.  The study demon-

strated that pruning “significantly improved 

performance speed and subjective user sat-

isfaction” (Kumar et al. 1997). 

For the purposes of this study, filtering ca-

pability and overview and zoom capability 

were considered equivalent, since both allow 

the user to identify items of interest, and 

exclude items that are not of interest.  For 

this reason, the addition of filtering capabili-

ties was considered an enhancement to the 

overview and zoom capabilities of the inter-

face.  Therefore, the independent variable in 

this study was determined to be the degree 

of overview and zoom present in the inter-

face. 

Three dependant variables were identified as 

critical measures of interface success in this 

study.  These were taken from the five hu-

man factors identified by Shneiderman 

(1998).  These are the subjective satisfac-

tion of the users, error rates, and the time 

to complete the experimental task. 
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Based on the research model, three hy-

potheses were offered: 

Hypothesis 1: The degree of overview and 

zoom capability provided by a user interface 

will positively affect subjective user satisfac-

tion in completing the multi-taxonomic clas-

sification task. 

Hypothesis 2: The degree of overview and 

zoom capability provided by a user interface 

will inversely affect error rates in completing 

the multi-taxonomic classification task. 

Hypothesis 3: The degree of overview and 

zoom capability provided by a user interface 

will inversely affect the time required to 

complete the multi-taxonomic classification 

task. 

While the study by Kumar et al. (1997) is 

similar to this one, there are some important 

differences that will allow this study to make 

a significant contribution to the HCI body of 

knowledge.  First there were considerable 

differences in the interface design with re-

gards to the representation of the hierarchi-

cal data.  Second, there was a subtle yet 

important difference regarding the nature of 

the task in terms of the user’s understanding 

of the global data set.  Finally, the PDQ tree 

browser was fine-tuned for five levels of hi-

erarchy, whereas no such limitation could be 

imposed on a global data set that may be 

represented with multiple taxonomic hierar-

chical views.  It was unclear how this would 

impact the cognitive load on the user and 

thereby affect task success. 

4.  RESEARCH DESIGN 

This study consisted of a controlled experi-

ment in which test subjects were assigned to 

one of three groups.  Each group was asked 

to complete the task of classifying the test 

course using one of three interfaces that had 

varying treatments of overview and zoom 

capability.  The goal of the experiment was 

to determine the effect of increasing levels 

of overview and zoom, operationalized by 

using a multiwindow interface with and 

without filtering, would have on the depend-

ant variables as compared with a static view 

which represents a very low level of over-

view and zoom capability, in completing the 

classification task.   

The experimental interfaces appear in Ap-

pendix A.  The control interface was a static, 

fully expanded tree view interface, with a 

minimal level of overview and zoom capabil-

ity provided.  It is referred to in this study as 

the “Treeview” interface. The second inter-

face improved upon the level of overview 

and zoom by including a tightly-coupled 

multi-window view of each taxonomy and is 

referred to as the “Multipane” interface.  The 

third interface further increased the level of 

overview and zoom by adding a dynamic-

query style interface to the multi-window 

interface, which allowed filtering on learning 

units and pruning of entire branches. It was 

suggested by previous research by Kumar et 

al. (1997) that rather than remove the 

pruned branches entirely, a better approach 

is to graphically mark them as pruned.  

Therefore, the pruned items were repre-

sented by a gray background color.  This 

interface is referred to as the “Multipane 

with Filtering” interface 

For all three interfaces, certain elements 

were kept consistent.  Each interface allowed 

the user to view details of the learning unit, 

and to select learning units that were appro-

priate.  A running list of selected learning 

units was present on the screen at all times.  

Interface characteristics not being studied, 

such as colors, fonts, and size of the display, 

were kept as consistent as possible.  Finally, 

each interface allowed the user to view the 

data by different alternate taxonomies by 

means of a drop-down selector.   

The specific task being performed in the ex-

periment involved the selection of a subset 

of learning units from the IS 2002 curricu-

lum model to describe a hypothetical course.  

The course was designed by a panel of ex-

perts in the IS 2000 curriculum model to 

represent a broad spectrum of learning 

units, and would require the test subjects to 

browse through a large portion of the model 

hierarchies to find the appropriate learning 

units.   

Error rates were measured by comparing the 

list of learning units selected by the test 

subjects to a list of “correct” learning units 

that the panel of experts believed were indi-

cated by the course description.  Two types 

of errors were considered:  the failure of a 

test subject to identify a learning unit that 

was indicated by the test course description, 

and the identification of learning units that 

were not indicated by the test course de-

scription. 
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To measure subjective satisfaction, adapted 

portions of the Questionnaire for User Inter-

action Satisfaction (QUIS) ™, a standardized 

instrument licensed from the University of 

Maryland’s Office of Technology Commer-

cialization, were administered to the test 

subjects immediately following the experi-

ment.  This survey consisted of an eleven-

item, five-point Likert scale assessing overall 

reactions to the system.  This survey ap-

pears in Appendix B. 

Time to complete task was measured by cal-

culating the time elapsed between the test 

subjects completion of the interface tutorial 

and their indication that they were through 

with the task.  This was built into the test 

system design. 

In order to control for potential confounding 

factors, the subjects needed to have a fairly 

homogenous background.  Every effort was 

made to select subjects with similar levels of 

familiarity with the IS ‘97 model, computer 

and internet applications in general, and 

with courses similar to the test course.  

Randomly assigning subjects to one of the 

three test groups further helped mitigate 

differences in the subjects’ levels of task 

experience.   

Thirty graduate students were recruited as 

test subjects from courses of roughly similar 

levels in terms of their exposure to courses 

similar to the test course, and their exposure 

to elements in the IS ‘97 model.  Members 

of each class were assigned randomly to one 

of the three interface treatments.  Subse-

quent analysis showed that each class was 

represented equally in all three treatment 

groups.  In order to determine the subjects’ 

abilities to understand IS ‘97 terminology 

and domain knowledge of the task, a domain 

knowledge quiz was given prior to the ex-

periment, and the results were used as a 

control variable.   

All subjects were given an introduction to 

the classification task.  They were asked to 

consider the test course description, and 

select learning units that appropriately de-

scribed the course.   The subjects were 

given unique usernames and passwords that 

automatically assigned them to one of the 

three interface treatments.  Once they 

logged in, the system gave them a brief tu-

torial on the interface they were assigned.  

While necessarily different, each interface 

tutorial was kept as similar as possible in 

terms of phraseology, colors, font sizes, 

number of slides, and content. 

The subjects were given approximately 30 

minutes to complete the task, and the times 

they actually spent were recorded by the 

system.  Once complete, they were taken to 

the subjective satisfaction survey, and asked 

to wait for a brief demonstration.   

Following the experiment, the subjective 

satisfaction survey responses, time spent on 

the task by each subject, and error rates 

were collected from the database and ana-

lyzed.  Data integrity was checked, and the 

resultant data was transferred to the Statis-

tical Package for Social Sciences (SPSS) for 

statistical analysis. 

After all subjects had completed the online 

survey, a demonstration of all three inter-

face treatments was given to all study par-

ticipants, along with an explanation as to 

how the interface could be used to perform 

the experimental tasks. Within three days of 

the experiment, test subjects were given a 

second survey that appears in Appendix C.  

This survey asked about their perceptions of 

the three interfaces being tested following 

the demonstration.  The subjects were also 

asked to share anecdotes relating to their 

experience with each interface, and their 

overall opinions and preferences. 

5.  DATA ANALYSIS AND RESULTS 

The thirty test subjects were divided into 

three treatment groups of ten subjects each.  

Each treatment group was assigned to one 

of three experimental interfaces, and Table 1 

shows the summary of the results for each 

dependant variable for each interface, with 

the outliers removed. 

Reliability analysis of the on-line subjective 

satisfaction survey instrument showed an 

alpha of .9409 for the questions that were 

designed to measure subjective satisfaction, 

which include questions 2, 4, 14, 15, 16, 17, 

18, 19, 20, 22, and 23 in Appendix B.  100% 

of participants completed the post-task sur-

vey for subjective satisfaction. 

The hypotheses were tested using MANOVA 

with two control variables included.  Outliers 

that were two standard deviation units from 

the mean values of the category they occur 

in were removed from the sample, which 

resulted in four subjects’ data being re-

moved from the sample.  A significance level 
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of .05 or lower was used to indicate positive 

support for the hypothesis.  Factor and reli-

ability analysis was used to assess the sur-

vey questions used to measure subjective 

satisfaction.  The resultant general model 

provided the means to evaluate the hy-

pothesis based on the observations collected 

during the experiment. 

The two control variables used were the sub-

ject’s domain knowledge of the task, and 

their perceived difficulty of the task.  Do-

main knowledge was measured by the re-

sults of a quiz given immediately before the 

experimental task.  Perceived difficulty was 

measured by question 1 on the post-task 

survey.   

Twenty-two of the original subjects com-

pleted and returned the follow-up survey, 

which gives the survey a response rate of 

73%.  The results of this survey were tested 

using two-tailed T-Tests for equality of 

means with a .05 significance level required 

to reject the null hypothesis.  This was done 

for each possible interface comparison.  The 

results of this analysis are summarized in 

Appendix C.   

6.  DISCUSSION OF RESULTS 

While the hypotheses were based on previ-

ous research, the level of complexity of the 

task and the multi-taxonomic nature of the 

task involved made it unique.  It was not 

clear from the onset of this research 

whether any of the hypotheses tested would 

be supported. 

Hypothesis 1 – The Effect of Increased 

Overview and Zoom on Subjective Satis-

faction 

The measure of subjective satisfaction was 

found to be very reliable (alpha = .94).  The 

significance level observed in the general 

model for hypothesis 1 is .216.  Although 

not statistically significant, the scatter plot 

diagram of responses does seem to suggest 

that a positive relationship may exist, and 

that the data is consistent with hypothesis 1.   

Subjective satisfaction survey scores were 

average or better across all three interfaces, 

which may indicate that users felt that all of 

the interfaces were easy to use and satisfy-

ing.  Alternately, some aspect of the experi-

ment design was affecting the users’ satis-

faction scores.  This could have been due to 

dissatisfaction with the time they had avail-

able to complete the task.  This complaint 

was commonly encountered in the anecdotal 

evidence. 

The follow-up survey did show statistically 

significant support for hypothesis 1 in terms 

of the subjects’ perceived satisfaction rates.  

The subjects showed a strong preference for 

interfaces with increasing amounts of over-

view and zoom capability.  Nearly all sub-

jects preferred the Multipane and Multipane 

with Filtering interfaces to the Treeview. 

Hypothesis 2 – The Effect of Increased 

Levels of Overview and Zoom Capabili-

ties on Error Rates 

Based on the general model, the manipula-

tions of the interface did explain a significant 

amount of the variance observed in the sub-

jects’ total error measurement.  The signifi-

cance level observed is .031.  The scatter 

diagram further illustrated this effect, with 

the trend line being clearly negative going 

from the Treeview, to the Multipane inter-

face, and on the Multipane with Filtering.  

This indicated that the subjects using the 

interface with the lowest levels of overview 

and zoom capability on average had more 

mapping errors than subjects using inter-

faces with higher levels of overview and 

zoom. 

The follow-up survey likewise showed that 

users believed that they would make fewer 

errors with the Multipane interface than with 

the Treeview interface, and fewer still with 

the Multipane with Filtering interface.  The 

subjects believed that interfaces with higher 

levels of overview and zoom would enable 

them to correctly identify the Learning Units. 

Anecdotally, subjects reported that often 

with the Treeview interface they would get 

lost, and not be sure of why they were look-

ing at a particular learning unit, and even 

what they were looking for.  The interfaces 

with higher levels of overview and zoom ap-

peared to lessen the cognitive load on the 

user, and unlike the Treeview, they did not 

seem to overwhelm the users with informa-

tion. 

Hypothesis 3 – The Effect of Increased 

Levels of Overview and Zoom Capabili-

ties on Time to Complete Task 

Based on the general model, the manipula-

tions of the interface do not explain a statis-

tically significant amount of the variance 
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observed in the time spent on the task 

based on the observations made during the 

experiment.  The significance level observed 

in the general model for hypothesis 3 was 

.541.  The scatter diagram did not provide a 

clear indication of any relationship.  This was 

not surprising to the researchers, since most 

of the subjects were unable to complete the 

task in the time that was available, regard-

less of the interface used.  Therefore, the 

measurements observed only indicate the 

time spent during the experiment, and not 

the actual time needed to complete the ex-

perimental task.   

The follow-up survey, however, showed a 

strong belief by the test subjects that the 

interfaces with higher levels of overview and 

zoom would require less time to complete 

the task.  Although certainly not conclusive 

of actual performance, this may be an indi-

cator of the potential performance of the 

subjects were they able to remain on-task 

until completion. 

Anecdotally, subjects reported that they felt 

rushed, and that they would have needed 

much more time to do a thorough job.  

Other users reported that it took a relatively 

long time to understand how the Multipane 

with Filtering interface worked, and required 

some experimentation which counted to-

wards their time-on-task variable measure-

ment.  Once they understood the interface, 

however, they felt it would be quicker than 

the Treeview and the Multipane.   

7.  CONCLUSIONS 

This study found statistical support in the 

primary experiment for the theory that in-

creasing levels of overview and zoom will 

decrease error rates.  While consistent with 

previous research, this study extends the 

existing research in the both the task do-

main and the nature of the multi-taxonomic 

data hierarchies. 

While no conclusive evidence was found to 

suggest that increasing the level of overview 

and zoom increases subjective satisfaction 

or reduces the time required to complete the 

task in the primary experiment, there was 

anecdotal evidence to support the findings of 

previous research.   

Significant statistical support was found for 

the test subjects belief that interfaces with 

higher levels of overview and zoom capabil-

ity would lead to higher subjective satisfac-

tion, reduce time required to complete the 

task, and reduce error rates. 

It is also clear from our study that the task 

of classifying courses using the IS 2002 cur-

riculum model is a daunting one.  Likewise, 

developing a user interface to support this 

task is not a simple exercise.   

This study found a great deal of preference, 

and in the case of error rates and subjective 

satisfaction, objective evidence for interfaces 

with increased levels of overview and zoom 

for this task.   

8.  SUGGESTIONS FOR FUTURE 

RESEARCH 

Future studies should ensure that the task is 

well suited to the subjects’ level of experi-

ence and knowledge domain.  A repeat of 

this study using more commonly encoun-

tered hierarchies may yield more significant 

results.  A further refinement would be to 

test an additional interface that combines 

the Treeview and the Filtering capabilities in 

order to study whether the filtering has a 

moderating effect on both the Treeview and 

the Multipane approach.  The Multipane with 

Filtering approach could be combined with 

other non-hierarchical search paradigms, 

such as keyword searching, to determine if 

that approach yields even higher levels of 

error reduction, time reduction, and higher 

levels of satisfaction.  Finally, research 

needs to be done about how perceptions of 

task difficulty affect user interface prefer-

ences. 
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Figure 1 - Research Model and Primary Experiment Significance Levels. 

 

 

Table 1 – Primary Experiment Results Summary 

Measure Scale Statistics Treeview (N=10) Multipane (N=8) Multipane with 

Filter (N=8) 

Subjective Sat-

isfaction 

α = .94 

Mean = 3.8 

N = 26 

3.55 4.10 3.8 

Total Error Rate Mean = 34.8 

N = 26 

37.5 33.75 33.25 

Time on Task Mean = 0:20 

N = 26 

0:22 0:18 0:21 

Domain Knowl-

edge (control) 

Mean = 57.0 

N = 26 

60 54.2 56.25 

Perceived Diffi-

culty (control) 

Mean = 3.0 

N = 26 

3.2 3 2.9 
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Appendix A – Experimental Interface Designs 

The following screenshots illustrate the experimental Interfaces used in the study.  For each 

interface, the user was able to select an item by clicking on the text.  The selected text would 

highlight by changing the background to a light yellow color, and the results would appear in 

the appropriate pane either below it (in the case of the multipane interfaces) or to the right 

hand side when a user selected a learning unit (all interfaces).  Learning units that are se-

lected by the user appear in a pane on the bottom right corner of the interface.  For the multi-

pane with filtering interface, pruned items were shown with a light grey background. 

 

 

Figure 2 – TreeView Interface 
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Figure 3 – Multipane Interface 

 

Figure 4 – Multipane with Filtering Interface 
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Appendix B - Subjective Satisfaction Survey Instrument 

The following are screenshots taken from the actual survey given to all participants following 

the completion of the experimental task.  These questions were adapted from the Question-

naire for User Interaction Satisfaction (QUIS) ™, a product of the University of Maryland Office 

of Technology Commercialization. 
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 Appendix C – Follow-up Survey Instrument and Results 

The following instrument was administered to test subjects no more than three days after the 

experiment. 

 

 

Figure 5 - Follow-Up Survey Instrument. 

 

The survey results were analyzed by performing T-Test comparisons between the interface 

rating scores for each possible interface comparison.  The results of this analysis are summa-

rized below in Figure 2. 
 

 

 

Figure 6 - Follow-Up Survey Results. 
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