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Abstract. The decoding performance of information extraction is important for 
data analysis and decision making. The objective of this study is to evaluate the 
effects of display types (TYPE) shown in web pages using different techniques 
of rapid serial visual presentation (RSVP) on decoding performance for 
different information extraction tasks (TASK). Twenty-four subjects (12 males, 
12 females) participated in the information extraction tasks. Two factorial 
designs with blocking experiment were used to collect the response time data. 
In Experiment 1 (TASK includes finding exact value and identifying the trend), 
the results showed that both the 2-way interactions of RSVP and TASK as well 
as TYPE and TASK would significantly affect mean response time. In 
Experiment 2 (TASK includes finding maximum and comparing two values), 
the results showed that the 3-way interaction of RSVP, TYPE, and TASK 
would significantly affect mean response time. 
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1   Introduction 

The decoding performance of quantitative information extraction is important for data 
analysis and decision making. Statistical graphs and alphanumerical displays of 
quantitative data are major components in software applications, e.g., statistical 
packages, spreadsheets, and decision support systems [3]. Meyer proposed a 
minimum assumption Visual Search Model (VSM) to predict the performance of 
various tasks using tables and graphs with different levels of complexity of data. The 
VSM predicted the results for tables well [2]. For graphs the model was adequate for 
tasks that involved single data points, such as reading values or comparing pairs of 
values. The performance of tasks that required the analysis of data configurations, 
such as reading a trend, could not be predicted with the VSM.  

Compared with the displays of static graphics, static tables, and static texts, rapid 
serial visual presentation (RSVP) was used as the electronic equivalent of riffling a 
book [1]. Moreover, applications of RSVP might generally provide useful tools for 
the presentation of large numbers of loosely structured alternatives that could be 
adequately represented by image preview [4], [5].  
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We concentrated on the impact of design decisions underlying a number of existing 
modes of RSVP. The images of conventional mode and keyhole RSVP mode shown 
in the fixation area are used to compare with carousel, collage, and shelf RSVP 
modes. Four display types (abbreviated as TYPE) including bar charts, line graphs, 
tables, and texts are used to present information extraction tasks. The objective of this 
study is to evaluate the effects of display types (TYPE) shown in the web pages using 
different techniques of RSVP on decoding performance for different information 
extraction tasks (TASK). In Experiment 1, TASK includes finding exact value and 
identifying the trend and in Experiment 2, TASK includes finding maximum and 
comparing two values. The researchers’ hypotheses will be discussed in both 
Experiment 1 and Experiment 2: Do the effects of RSVP modes, display types, and 
TASKS interact to influence the visual decoding performance? Two factorial designs 
with blocking experiment including the combinations of four image display types, 
five RSVP modes, and two tasks will be used to collect the response time data. 

2   Methods 

2.1   Participants  

Twenty-four subjects (12 males, 12 females) participated in the information extraction 
tasks with mean age of 22.6 years old and standard deviation of 2.2 years old. In 
Experiment 1, twelve subjects (6 males, 6 females) were assigned to two kinds of 
information extraction tasks: reading exact values (Task 1) and identifying trends 
(Task 2). In Experiment 2, another twelve subjects (6 males, 6 females) were assigned 
to two kinds of information extraction tasks: finding maximum values (Task 3) and 
comparing values (Task 4). All subjects have to fulfill a course requirement in an 
introductory Statistics course. Each participant was paid after experiment. 

2.2   Apparatus and Stimuli 

The experiment used a Pentium IV desktop computer (256MB RAM) with a 17-
inches CRT screen (1280×1024 pixels) and a web camera (Logitech’s QuickCam 
Pro5000) with a built-in microphone. Microsoft Internet Explore 6.0, Macromedia 
Dreamweaver 4.0 (2000) and Ulead Graphic Interchange Format (GIF) Animator 4.0 
would be used to design the webpage. In addition, CyberLink StreamAuthor 3.0 was 
used to record the process of operation displays. A digital video camera recorder 
(SONY DCR-PC330) was used to record the overall process of experiments. 

The displays presented data as four types of texts, tables, line graphs, and bar 
graphs (TYPE factor) using five RSVP modes: keyhole, carousel, collage, shelf, and 
conventional mode (RSVP factor) with user self-control presentation rates. The 
treatment combinations of RSVP modes and TYPE displays were illustrated in 
Figures 1 to 4. The contents of questions bank came from the public information 
announced by Taiwan Stocks Exchange Corporation for the top 10 market 
capitalization companies. The questions in Experiment 1 are illustrated in Figure 5 
which included reading the exact value of a data point (e.g., “How much the closing 
price was for Foxconn at September 29, 2005?”) and identifying a trend in a series 
(e.g., “Was the general trend of the closing price increasing or decreasing for Formosa 
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Plastic Corporation from November 30 to December 8, 2005?”). The questions in 
Experiment 2 are illustrated in Figure 6 which included finding maximum values 
(e.g., “Choose the maximum closing price from November 23rd to December 2nd, 
2005 for Nan Ya Plastics Corporation.”) and comparing values (e.g., “How many 
days the closing price was 23 NTD from June 21 to June 30, 2005 for UMC?”). 

2.3   Design 

The dependent variable was response time in Experiment 1 and Experiment 2. 
Response times were analyzed via two three-way factorial designs with blocking 
experiment with display types (texts, tables, line graphs, and bar graphs), RSVP 
modes (keyhole, carousel, collage, shelf, and convention mode), and TASK (Tasks 1 
and 2 in Experiment 1, and Tasks 3 and 4 in Experiment 2). All independent variables 
were within-subjects variables and the various main effects and interaction effects 
will be discussed. Each participant responded to 40 trials and the order of trials within 
a block was individually randomized for each participant. 

2.4   Procedure 

Participants attended the experiment individually. They sat in front of the CRT at a 
viewing distance of approximately 50cm facing a microphone that was connected to a 
web camera with Stream Author 3.0 being activated. The height of the center of the 
CRT and the microphone were individually adjusted to the height of the participant. 
First, instructions were presented on the computer screen that explained the 
experimental tasks and the displays used. This presentation was self-paced. Both in 
Experiments 1 and 2, twelve participants are shown forty treatment combinations of 
five RSVP modes, four display types, and two kinds of tasks (480 observations in 
each experiment).  

 

Fig. 1. RSVP modes bar charts from left to right: convention, keyhole, carousel, collage and 
shelf 

 

Fig. 2. RSVP modes using text displays from left to right: convention, keyhole, carousel, 
collage and shelf 
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Fig. 3. RSVP modes using table displays from left to right: convention, keyhole, carousel, 
collage and shelf 

 

Fig. 4. RSVP modes using line graphs from left to right: convention, keyhole, carousel, collage 
and shelf 

  

Fig. 5. Illustration of the question for reading an exact value (Task 1) in terms of bar chart and 
shelf mode (left) and identifying trends (Task 2) in terms of text and collage mode (right) 

 

Fig. 6. Illustration of the question for finding maximum values (Task 3) in terms of table and 
keyhole mode (left) and comparing values (Task 4) in terms of line chart and carousel mode 
(right). 
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3   Results and Discussion 

In terms of aids of digital video and webcam, the process of executing the experiment 
and the voices of answering the questions for each participant will be simultaneously 
recorded with the aids of Stream Author 3.0. Based on the records, the response time 
will be computed after experiments. The descriptive statistics for the response time in 
Experiment 1 and Experiment 2 are summarized as Table 1. Each combination has 12 
observations. Data in Table 1 indicated that mean response time would be different as 
the information extraction was visualized on the different display types using different 
RSVP techniques for different tasks. 

In Experiment 1, a three-way ANOVA with blocks model was considered. A plot 
of residuals against the fitted values showed that error variances are not constant. The 
Box-Cox procedure suggests a transformation of natural logarithm scale is 
appropriate for correcting the unequal error variances [6]. The results of ANOVA 
with log response time were shown in Table 2. The RSVP×TASK interaction 
(F(4,429)=2.49, p<0.05) and TYPE×TASK interaction (F(3,429)=28.48, p<0.001) 
significantly affected mean log response time. However, there was no enough 
evidence to provide the statistical significance of RSVP×TYPE×TASK interaction 
(F(12,429)=1.18, p>0.05). 

For the post hoc pair comparisons of RSVP×TASK interaction, the results of 
Duncan multiple range tests showed that the better designs of RSVP×TASK are 
convention/exact value, keyhole/exact value, shelf/exact value, and keyhole/trend 
combinations and the worse design is collage/trend combination which are shown in 
left-hand side of Figure 7. For the reading of exact values (Task 1), response times 
were faster for convention mode than for the other RSVP mode (left-hand side in 
Figure 8(a)). For the identifying of trends (Task 2), response times were faster for 
keyhole mode than for the other RSVP mode (right-hand side in Figure 8(a)). 

For the post hoc pair comparisons of TYPE×TASK interaction, the results of 
Duncan multiple range tests showed that the better designs of TYPE×TASK are 
table/exact value and text/exact value combinations and the worse designs are 
table/trend, line/table, bar/exact value, and line/exact value combinations which are 
shown in right-hand side of Figure 8. For the reading of exact values (Task 1), 
response times were faster for tables and texts than for the other display types (left-
hand side in Figure 8(b)). Response times for tables were significantly faster than for 
bar graphs, which are consistent with the findings of Meyer, et al. [3]. However, for 
the identifying of trends (Task 2), response times were faster for bars and texts than 
for other display types (right-hand side in Figure 8(b)). Response times for bars and 
texts were significantly faster than for line graphs and tables, which reveal different 
findings with those of Meyer, et al. [3] and Meyer [2]. 

In Experiment 2, a three-way ANOVA with blocks model was considered again. A 
plot of residuals against the fitted values also showed that error variances are not 
constant. The Box-Cox procedure suggests a same transformation of natural logarithm 
scale is appropriate for correcting the unequal error variances [6]. The results of 
ANOVA with log response time were shown in Table 2. The RSVP×TYPE×TASK 
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Table 1. Summary Statistics of response time for four tasks in Experiment 1 and Experiment 2 
(unit: second) 

TASK Exact value Trend Maximum Comparison 

RSVP TYPE Mean (std) Mean (std) Mean (std) Mean (std) 
convention bar 14.48(4.01) 15.16( 6.33) 15.96( 6.45) 17.44( 7.27) 

 line 17.11( 5.15) 19.02(10.21) 19.74( 9.25) 16.56( 7.02) 

 table 8.31( 3.98) 21.47(11.37) 16.18( 8.19) 25.71( 9.36) 

 text 10.43( 3.43) 13.74( 8.85) 13.54( 5.68) 15.72( 6.65) 

keyhole bar 16.08( 8.25) 9.73( 4.09) 16.57( 4.42) 15.16( 6.98) 

 line 18.56(11.1) 20.62(10.92) 15.87( 6.49) 15.50( 4.90) 

 table 12.15( 5.92) 18.98( 7.80) 14.78( 4.55) 17.53( 6.46) 

 text 10.26( 3.03) 11.53( 4.15) 14.30( 4.46) 16.29( 6.59) 

carousel bar 22.29(11.5) 10.65( 2.41) 21.62( 8.90) 17.83( 6.30) 

 line 17.51( 6.68) 19.92( 6.33) 15.86( 4.35) 16.75( 4.79) 

 table 16.29( 7.92) 20.87( 7.42) 22.24( 9.36) 15.58( 4.59) 

 text 13.51( 5.48) 16.31(10.48) 21.89(10.43) 16.30( 7.00) 

Collage bar 23.20(10.23) 17.35( 6.05) 24.19(11.82) 17.89( 6.59) 

 line 19.44( 5.77) 19.27(13.63) 24.06(12.29) 20.56( 6.46) 

 table 12.30( 5.34) 22.48(10.12) 14.60( 4.70) 22.18( 6.77) 

 text 14.02( 4.44) 14.24( 5.74) 16.78( 4.77) 13.86( 5.31) 

shelf bar 19.87(10.23) 15.18( 7.35) 17.35( 8.89) 15.43( 7.19) 

 line 19.53( 7.88) 18.28( 8.90) 16.85( 6.42) 19.68(10.60) 

 table 10.02( 4.93) 18.83( 7.16) 14.55( 6.05) 19.43( 7.98) 

 text 10.93( 3.38) 16.27( 8.65) 16.04( 3.08) 12.41( 4.04) 

 

 

Fig. 7. Interaction plots of mean response time for the five RSVP (left) and the four display 
types (right) of two tasks in Experiment 1 (unit: second) 

interaction (F(12,429)=2.01, p<0.05), RSVP×TASK interaction (F(4,429)=2.71, 
p<0.05) and TYPE×TASK interaction (F(3,429)=5.68, p<0.001) significantly affected 
mean log response time. 

For the post hoc pair comparisons of RSVP×TYPE×TASK interaction, the results 
of Duncan multiple range tests showed that, for the finding of maximum values  
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Fig. 8. \ Response time for (a) the five RSVP (left) and (b) the four display types (right) of two 
tasks in Experiment 1 (unit: second) where “ ⊕ ” denotes the group mean 

 

Fig. 9. Interaction plots of mean response time for RSVP×TYPE×TASK in Experiment 2 (unit: 
second) 

Table 2. F-values of three-way analysis of variance with blocks after log transformation 

Source of 
variation 

DF 
Sum 

Squares 
Mean 

Square 
F-value in 

Experiment 1 
Sum 

Squares
Mean 

Square

F-value in 
Experiment 

2 
Block 11 18.22 1.66 10.94*** 16.92 1.54 12.60*** 
RSVP 4 3.41 0.85 5.64*** 2.37 0.59 4.86*** 
TYPE 3 8.18 2.73 18.02*** 1.57 0.52 4.29** 

RSVP* 
TYPE 

12 2.80 0.23 1.54 2.16 0.18 1.48 

TASK 1 1.26 1.26 8.32** 0.01 0.01 0.09 
RSVP* 
TASK 

4 1.51 0.38 2.49* 1.32 0.33 2.71* 

TYPE* 
TASK 

3 12.93 4.31 28.48*** 2.08 0.69 5.68*** 

RSVP 
TYPE* 

TASK 
12 2.15 0.18 1.18 2.94 0.25 2.01* 

Error 429 64.95 0.15  52.38 0.12  
Corrected 
Total 

479 115.42   81.77   
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(Task 3), the better combinations of RSVP and TYPE are convention/text, shelf/table, 
keyhole/text, and collage/table, and the worse combinations are collage/bar, 
collage/line, carousel/table, carousel/bar, and carousel/text. However, for the x-
comparison tasks (Task 4), the better combinations of RSVP and TYPE are shelf/text, 
collage/text, keyhole/bar, shelf/bar, and the worse combinations are convention/table 
and collage/table. Interaction plots of mean response time for RSVP×TYPE, 
RSVP×TASK, and TYPE×TASK are shown in Figure 9. The results of Experiment 2 
showed that response times for the finding of maximum values (Task 3) were 
significantly faster than for graphs (Figure 9), and there was no significant difference 
between texts and tables. It is also consistent with the findings of Meyer, et al. [3]. 
However, for the x-comparison tasks (Task 4), response times were faster for texts 
and bars than for line graphs and tables (Figure 9) which reveal different findings 
with those of Meyer, et al. [3]. This is also inconsistent with the results that “Tables 
had an initial advantage over graphs for all tasks, and there were complex interactions 
between the variables.”[2]. 

4   Conclusions 

In summary, the results of experiments clearly indicate that the performance of 
various data extraction tasks depends on the RSVP mode and type of display used. 
The 2-way interaction of RSVP×TASK and TYPE×TASK will influence the visual 
decoding performance for the reading of exact values and trends in Experiments 1. 
The better designs of RSVP are convention, keyhole, and shelf modes for the tasks of 
finding exact values and keyhole, carousel, and convention modes for the tasks of 
identifying trends. Moreover, the 3-way interaction of RSVP×TYPE×TASK will 
influence the visual decoding performance for the tasks of x-comparison and 
maximum in Experiment 2. The better designs of combinations of RSVP and TYPE 
are convention/text, shelf/table, keyhole/text, and collage/table for the tasks of finding 
maximum values and shelf/text, collage/text, keyhole/bar, shelf/bar for the tasks of 
comparing values. 
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