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Using Gap Charts to Visualize the Temporal Evolution of Ranks and
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Figure 1: The teams participating in a soccer championship visualized using (a) a Rank Chart, (b) a Score Chart, and (c) a Gap
Chart.
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Abstract

We present Gap Charts, a novel class of line charts designed for visualizing the evolution of rankings over time, with a
particular focus on sports data. Gap Charts show entries, e. g., teams participating in a competition, that are ranked over time
according to a performance metric like a growing number of points or a score. The main advantages of Gap Charts are that 1)
tied entries never overlap—only changes in rank generate limited overlap between time-steps; and 2) gaps between entries
show the magnitude of their score difference. We evaluate the effectiveness of Gap Charts for performing different types of
tasks, and nd that they outperform standard time-dependent ranking visualizations for tasks that involve identifying and
understanding evolutions in both ranks and scores. Finally, we show that Gap Charts are a generic and scalable class of line
charts by applying them to a variety of different datasets.



1. Introduction RC and SC. We chose to focus primarily on static renderings
) ) ) o B . of GC, i.e., without possible additional interactive features, as
In this article, we are interested in visualizing the evolution @{5+i~ charts are most common in mass-media publications on

rankings over time, with a particular focus on sports data. MQ®ccer championships (and on athletic competitions in general).

athletic competitions rely on the ranking of individuals, teams,; yesyits show that GC are most effective for rank-and-score

or countries to determine ou_tcome. These rankings are “Suﬂihéted tasks, and that they are a good tradeoff between RC and
based on performance metrics like scores, and can evolve Q€' or rank-alone and score-alone related tasks.

time. Herg, We.chose to focus'primarily on soccer competitior?sFina”y, we extend our initial design of GC by exploring
or championshipsas they provide a realistic mainstream applipsgible interactive techniques that can alleviate our class of
cation case for rank-based visualizations—soccer team ranklmgé charts for tasks for which they are least effective. We also

are regularly published in newspapers or on the web, and broadys the scalability of GC by applying them to a range of other

casted on television. . datasets. In summary, our main contributions are:
During a championship, team rankings are updated after each

match-day, otime-stepeach team's rank depends o8@re 1. a formal distinction between RC and SC, two existing
which re ects its total number of wins, draws, and losses. If classes of line charts;
two teams have the same score at a given time-step, their rank3as the design and implementation of GC, a novel class of line
determined by their goal difference, i. e., the difference between charts;
goals scored and conceded. Every championship further usegaa comparative evaluation of GC, RC, and SC using real
speci ¢ ranking formula to ensure that every rank is occupied by  data from the French socceigue 1; and
one (and only one) team (e. g., points, then goal difference, thes. the extension and generalization of GC using other/larger
number of goals scored, then game result between the two tied datasets.
teams, then random). As a result, the ranking is tie-free: while
scores may be identical, ranks are always unique. 2 Backg round

The most common representation for championship rankings ) )
in mass media is a table. Tables can show teams ordered by rankPOrts enthusiasts are generally accustomed to seeing sports
and display scores in cell4]] However, they cannot Con\,eyranl_«ngs in Fables. Seve.ral studies hgve shown that taples are ef-
the magnitude of score differences, or the temporal evolutionf@gtive for simple tasks like value retrieval (s& for a review).

both ranks and scoreg,[2]. They also need to be updated diiowever, other previous work has shown that people interested
re-created after each time-step. in soccer championships usually seek to perform complex syn-

A simple alternative is to use line charts. Here, we mak&BIC tasks like analyzing trends and comparing patterns over

distinction between Rank Charts (RC), which useytheis to time [1]; and line gharts have been found more ef cient than
encode ranks from top to bottom on an ordinal scale, similamples for performing such tasks [1, 2].
;%é?g'se;;ai?gcfggsrg gg;rtso(tia’t‘g?c'fh useytheis to encode 2. Formalizing the distinction between Rank
p. Generally speaking,

have the advantage of being overlap-free (Figure 1(a)): teams, Charts and Score Charts
or entries are visually distinct at each time-step—although they Slope graphs are a particular type of line chart teampare
may intersect between time-steps as rankings change. Thignges over time for a list of nouns located on an ordinal or
makes ranks easy to distinguish. However, RC do not conieigrval scale” (Figure 2(a)) 8]. They map the values afen-
the magnitude of scores, nor do they shime (equal scores).tries onmaxes (oitime-steps-m= 4 in Figure 2(a)), and draw
This can be problematic when trying to predict future rankingsgonnection between each entry's values. Values are displayed
and ultimately a championship's outcome. Conversely, SC cthboxesi. e., horizontal white spaces or segments, at each time-
vey the magnitude of scores. This can help make predictigigp. Connections show magnitudes of score differences. As
However, SC are not overlap-free when scores are tied, whittiries are plotted on an ordinal scale, values encoded along the
makes it impossible to determine unique ranks (Figure 1(b))y axis can be either ranks or scofe$ 3 4 > We de ne Rank

To address these respective limitations, we introduce Galparts (RC) as a class of slope graphs that useg &éxs to
Charts (GC), a novel class of line charts which useytagis to encode ranks, a_nd Score Charts (SC) as a class of slope graphs
encode both ranks from top to bottom, and scores from bottont#gt uses thg axis to encode scores.
t_op. The main origi_nality of GCis that they use the gap_s betweelj}lhttp://www :citylab  :com/design/2014/06/a-brilliantly-
lines, i.e. the white space, to encode score magnitude. TkiSred-19th-century-visualization-of-us-city-population-

makes GC overlap-free (Figure 1(c)), as tied scores are sinfi{p/37338¢/ _
. . : . http://junkcharts itypepad :com/junk _charts/2010/12/be-
shown by adjacent entries, i. e., lines that are not separated Byd@ad-by-the-questions html
gap at a given time-step. Shitp://charliepark :org/slopegraphs/
4http://charliepark :org/a-slopegraph-update/

We evaluate the effectiveness of GC for performragk-, Shitp/www  edwardtufte  :com/bboard/g-and-a-fetch-
score-, and rank-and-score related tasks, by comparison widdPmsgid=0003nk&topic  _id=1
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Figure 2: (a) Tufte's Slope Graph [3] (used with permission, cropped) and (b) Brinton's Rank Chart [4] (cropped).

RC (Figure 1(a)) show each of timeentries at a unique rank3 GapChart

at every time-stem. The main advantages of RC are: 1) they ,
are overlap-free—assuming two entries cannot have the sam¥€ introduce Gap Charts (GC) as a novel class of slope graphs

rank; and 2) they scale well, both fomndm. Figure 2(b) shows which combines the advantages of' both RC and SC. GC simul-
an early use of RC from the beginning of the 19th centdty [taneously show_the temporal evo_lutlon of_both raahs! scores,
RC are also extensively used on the iehnd come with many a_s_they are denvegl fro_m a speci c_state in the C(?ntlnL_Jous tran-
variations. While RC clearly show changes in rank, they §§ion between an “ordinal rani'axis (RC) and a “continuous
not show the magnitudes of score differences, nor do they stR&g"e’y axis (SC). Entries are representediogs composed
tied entries—an important feature according3p [That said, of boxegandlmks.. Boxgs show the vqlue (rank and/or scorg)
some designs have attempted to address the latter limitatio?b{i'® €ntry at a given time-step, and links connect consecutive
grouping entries at a same rank on the ordinal xidowever, POX€s.Labelsdesignate entries’ names.
this breaks the expected bijection mapping of entries to ranks.BY exploring the continuum between RC and SC, and by
SC (Figure 1(b)) show the scores for each of thentries tuning each component, we identi ed the following de ning
at every time-stepn. The main advantage of SC is that rank&haracteristics for GC:
can be inferred from scores, as long as these are distinct (no
ties). If they are not, entries overlap, and ranks are impossiBlg the y axis encodes both ranks and score, and the score
to determine. SC also waste a great amount of white-space—magnitudes are shown in the gaps between lines;
particularly in the top-left corner when all scores are low, if
scores start from 0 and increase monotonously—, and sugar
from scaling: the highem, the more overlap.
Overall, we consider RC useful for showing ranks, and SC
useful for showing scores and the magnitude of their differences.

tied entries are made visually distinct by keeping equal
scores at a given time-step adjacent, i. e., with no gap be-
tween lines, which keeps the chart overlap-free;

2.2. Other Ways of Visualizing Rankings C3 the result is less compact than RC, but more than SC.

RankExplorer §], which uses stacked area charts, and
LineUp [5], which enables interactive analysis of multidi- Figure 3 shows a gap chart of the Spariism 2013—-2014.
mensional ranked entries, were developed to visualize timke chart illustrates how three teams are clearly better than the
dependent rankings. Although they are powerful tools for pethers, most of which simply struggle to avoid being demoted.
forming advanced queries, their visual and interaction compl€kere is a clear gap between the top-three teams that qualify
ity is high, and we believe untrained people may nd it dif cultfor the Champions Leaguand the rest. This gap appears early
to interpret and interact with them. Sports enthusiasts canimothe championship, and continuously increases until the end.
be expected to be visualization expeify fhey may lack I] There is some competition among the top-three, as they change
visualization literacy §] and interaction propensit@]. Hence ranks several times during the second half of the championship.
we focus primarily on static representations in this article. They also nish with very small gaps between them—in fact,

Another recent work10] has explored the combination of~C Barcelona and Real Madrid are tied, i. e., adjacent, at the
tables and line charts for manipulating ranking tables. Howewend of the championship. Their nal rank was determined by
as for the aforementioned tools, the bene ts of this technique tieeir goal difference. A second group of teams, from 4th to 7th,

in relatively complex interaction. ghts for 4th place, and Athletic Bilbao is seen to resist until
Sty Javieriordable  cominteresting-visualizations- the end. Bet'ls Sevilla however seems destined to pe demqted

changes-over-time/ ' early on, while the two other teams of the bottom trio remain
“https:/iww  :census :gov/dataviz/visualizations/023/ very uncertain throughout the championship.
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Figure 4: Main rendering parameters.
Figure 3: The Spanishiga 2013-2014, visualized using GC.

3.1. Layout Algorithm encode information. Figure 2(a) respects this principle: links are

We created a simple algorithm for describing RC, SC, aﬁ%iﬂdered as straight lines (no curvature) with a continuously thin

GC in a uni ed way. Our generic layout function takes a fact eight at extremities and in ection point. There is no shading,

F 2 [0;1] as a parameter to compute the vertical position %@d the Iak_)els (numerlp values) are shqwn In every box._
OIOur choice of rendering for GC (see Figure 3) clearly violates

boxes over timeF expresses the continuum between RC ar]q data-ink ratio princiol it is based b
SC:F = 0 creates a RC, arfd = 1 creates a SC. Given: the data-ink ratio principle. How_ever, it is based on a number
of application-domain-driven rationales, as well as on a short

H the height of the canvas qualitative evaluation, which we describe below.

E the set of entries An important speci city of soccer championship rankings

T the set of time-steps is that scores never decrease—they only increase at a steady,
RANK (én;tm)  the rank ofe, attm pre-d_e ned pace. Tea|_"ns gain 3 points for_winning a match, 1 for
SCORHeEn;tm) the score ok, atty, drawing, and 0 for losing. As such, focusing on a unique team's

m = Min(SCORKE;;T))) i2jEj;t2T] score variations, i. e., on the slope of connectio_ns, is of little
M = Max(SCOREE;T) i2jEj;t2T] mte_rest. However, b_elng a_ble to f_oll_ow the evol_utlon of at_eam
h the height of entries as it changes ranks is crucial. This is why we display entries as
continuous lines, where links and boxes smoothly alternate.
In addition, we follow standard color-coding for soccer cham-
pionships: we use blue for the three top-ranked teams at the end
of the championship—as they qualify for the Europ&iram-

The vertical positioly of an entryE,; n 2 j Ej at each time-step
tm;m2jTj is computed as follows:

R ) . . .
YR= H%j(et) pion's League—, yellow for the fourth team—as it quali es
ys= H(1 ﬁ)(l %‘iﬂt)m) for the Europa League-, and red for the three bottom-ranking
y=(1 F)yr+ Fys teams—as they are demoted to the minor league.

. ) i To further tune the different rendering parameters described

For a soccer championshim = 0 andM s the score of , rjg e 4 we asked six volunteers to order 3 classes of charts
the team ranked 1st at the last time-StgR s th_ey position (RC, SC, and GC) 5 rendering parameters 15 series of three
according to ranksys is they position according t0 SCOres,,.ameter variations according to aesthetic preference and legi-
_Settl_ngF = Oimpliesy = yr and produces RC; settm;g: 1 bility. We wanted to ensure that the charts would be appealing to
impliesy = ys and produces SC; and settiig= 1 7 and | \camiliar viewers (e. g., sports enthusiasts). Preference orders
h= % ensure€1, C2, andC3 and produces GC. were given on 1-3 Likert-like scales, with the possibility of

. . giving equal preferences. Variations were:

3.2. Rendering Rationale

RC, SC and GC share several adjustable rendering parameterslink shape straight line, weak curvature, strong curvature;

These are: bowidth andheight link curvature(from a straight link height at extremitiesvery thin, medium, same height
line to a “S” shape), linkheight at extremitieandat in ection as boxes;

point (from very thin to same as box heighthading andlabels link height at in ection point very thin, medium, continu-
positioning Each parameter is described in Figure 4. ous (i. e. same height as boxes);

According to Tufte, data graphics should maximize their data- shading:none, low, strong; and
ink ratio [3]. This suggests that any class of slope graph should labels origin/middle/end of chart, full name where boxes
avoid large link heights and colors—aspriori these do not are wide enough, repeated initials in every box.



For legibility, we instructed participants to focus on howe possible to perform with RC, and that rank-related tasks could
easy/dif cult each rendering variation made it to identify: be performed without too much effort with SC.
We then selected four tasks based on different visual proper-

a lumped group of teams; ties of each class of charts, which we found to be frequent and/or
the gap between two or more teams; important in related work. We also made sure these would be
the evolution of a team's rank over time; and meaningful for sports rankings. Tasks were:

the stability of a team's score over tirie
. o T1 determine the longest period during which teafnandT;

We rst m;pectec_j the Iegl_blllty scores. We then confronted  p5ve the same score:
the most legible variations with their aesthetic preference scores.
Because both orders were similar for all three classes, i. e.,
RC, SC, and GC, we decided to keep one rendering con gu-
ration: weak curvature, stroke widths at extremities the same
size as the boxes, medium stroke widths at link in ection pointﬁ,?’
low level of shading, and full name labels where boxes are wide
enough. Generally speaking, we found that thick lines were
preferred over thin ones. Thus, we stress that although the ddi-
ink ratio principle suggests the use of thin lines, thick lines and  €amTi
repeated labels were perceived as more effective.

Some of these design takeaways may seem counter-intuitiv8ased on Andrienko et al.'s task taxonomy for time-dependent
In particular, existing charts usually emphasize the use of teigta [L1], Perin et al. L] have found that comparing teams (T1,
lines. However, thick lines and repeated labels make it easief ® and detecting trends (T3, T4) are important tasks in the
follow entries over time, especially when the number of entriagalysis of a soccer championship. Similarly, Gratzl etSl. [
is high. In addition, for GC, line thickness has to be a ratio of ti@ve found that comparing entries' scores and slopes over time
chart height to ensure that entries with tied scores are adjacetitd- T2, T4), as well as retrieving speci ¢ ranks and tied ranks
one of the main features of GC. While the line thickness / ch@f8) are frequent tasks related to ranked entries.
height could be reduced, it would be at the cost of legibility. )
Finally, comparing ranks is the main focus of our paper, afel. Inspector Designs
existing representations of ranked entries often use similarlys previously discussed, both RC and SC have several limita-

determine when the score difference between the teams
rankedr; andr;, 1 was the highest;

determine how many changes occur at ranknd

determine the longest period during which the score of
stays the same.

thick lines® 9. tions. Score-related tasks are impossible to perform with RC, as
) scores are not indicated. Likewise, rank-related tasks are dif -
4. Evaluation cult to perform with SC, as entries with identical scores overlap.

We evaluated the effectiveness of GC for performiaigk-, Thus, aItho.ugh ourprimary goal is tq assess the e fciency of
eear%h technique for static representations, we designed a set of

score-, and rank-and-score related tasks, by comparing th . .
y barng ectors to enhance RC and SC for our experiment. The ratio-

; I
with RC and SC. We used real soccer data form 33 seasgﬁlg was that: 1) the experiment would be extremely frustrating

of the FrenchLigue 1, a national championship in which 2 ¢ particinants if one third of the tasks were impossible o per-
teams éntrieg confront each other twice, over a period of 3 p. Icip : ! . Were Impossible 10 pel
orm; and 2) GC would be optimal for static representations if

match-daystime-stepks . the technique outperformed the enhanced/interactive versions of

Comparing GC with RC and SC may not seem ideal, sin L
RC are speci cally designed to show only ranks, SC to shol%l(\jc and SC. By adding inspectors to each class, we expected to

only scores, and GC to show both. However, the lack of maximize accuracy at the expense of increasing the amount of
||ane spent to perform tasks.

isting alternative designs to GC for showing both ranks an desianed a basic i tor all cl ¢ ch
scores simultaneously prevents us from establishing a pro}EPWe rst designed a basic inspector for all classes of charts—

baseline condition. By default, it is impossible to perform sco € tooltip mspecfcopto display an entr_y; full name, rank,
related tasks using RC, and it can be very dif cult to perfor ore, and goal difference on hover. This inspector also shows

rank-related tasks using SC. To alleviate these limitations, AgFtelgu(aj—step cc;}rrespondmg to tf;}e mgusg curdsombord|_nate.
designed a set of "hover' inspectors. While our main focus is R 0 ng't SI owhscores, Weft I?n esighe gspemareg .
static representations—which cannot include such ‘Iightwei%ﬁ?peCtorto Isplay the scores of all entries at a time-step. Simi-

interactions—we wanted to make sure score-related tasks wi ﬁﬂy ,as SC d9 not show ranks, we also designed a speanks
Inspectorto displays the ranks of all teams at a time-step. The

8 These features are individually inspired by the tasks we later used in ggores and ranks inspectors enable quick comparison of the val-

eVij‘;ati_‘/’/” of GC, d_escri:eb? in Se_Ctior;_“- A ues of several entries at a time. Meanwhile, the tooltip inspector
changeeovertimel e cominieresting-visualizations- only allows for inspection of one entry at a time. Figure 5 shows
Onttp:/fin -~ :somniac :me/2010/01ffortune-500-visualization/ the different inspectors.
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moving up one line every time there is a crossing; using
RC, T3 simply consists in horizontally following the rank,
and counting the number of times it is crossed; and using
SC, T3 requires the ranks inspector.

T4 What is the longest period during which the score of team
T; stayed the same?
H4a GC> RC
H4b GC< SC
Rationale: using GC, T4 requires the tooltip inspector, as en-
tries with invariant scores may change ranks; using RC,
T4 requires the scores inspector; and using SC, T4 simply
consists in nding the entry's longest horizontal segment.
Figure 5: The different inspectors. For RC (left), both the tooltip
inspector and the scores inspector. For SC (center), both h§
tooltip inspector and the ranks inspector. For all, the tooltip*- Procedure
inspector. We recruited 12 unpaid participants (1 female), aged 19-39
(mearx 28), who were not involved in the pre-study. All were
42 H students or university staff, and had at least some basic knowl-
2. Hypotheses edge of soccer championships and of line charts. The experi-
For each tas';, we formulated two hypothesésa/b. Here, ment was conducted on a desktop computer equipped with a
we refer to each task in the form of a question (which we askeghyse, a keyboard, and a 30” LCD display with a resolution of
participants), and propose the following coding for hypothesessox1600 pixels—charts were 1272 pixels wide and 750 pixels
A> B means that we hypothesize participants will be mofgyh. Participants rst lled out a short background survey, and
accurate using thanB, and will respond more quickly usinganswered general questions about soccer. They were given the
AthanB if the accuracy rate is similar. All tasks involveggrrect answer for each question, to ensure full comprehension
analyzing one season of the championship, i. e., 20 entries gygthe ranking process (e. g., number of teams in the champi-
38 time-steps. T1 and T2 required focusing both on ranks afithip, number of points gained for winning, drawing, or losing
scores; T3 only on ranks; and T4 only on scores. a match, etc.). They were then given a sheet of instructions.
T1 What is the longest period during which teasand T The experiment was blocked by c_Iass of charts (RC, SC,
had the same score? GC). Each block consisted of four trials—one for each task
Hla GC> RC (T1, T2, T3, T4)—repeated ve times. Blocks and trials were
Hlb GC> SC counterbalanced. Dependent variables vea®uracy(number
f correct answers) aref ciency (time spent answering). The

Rationale: using GC, T1 simply consists in nding the longes . -
d Py g d Hfactorlal design was as follows:

segment during which the two entries have no gap betw H
them (adjacent entries); using RC, T1 requires the scores
inspector, as RC do not convey scores; and using SC, T1
requires the tooltip inspector, as entries with the same
score overlap.

12 participants
3 classeqRC, SC GC)
4 tasks(T1;T2;,T3;T4)
5 repetitions

T2 When is the score difference between the team rankad 720 trials

ri+1 the highest? Before each block, participants were prompted with the new
H2a GC> RC class, and were invited to ask any questions they might have
H2b GC= SC about the visual representation. Before each trial, a toy exam-

Rationale: using GC, T2 simply consists in nding the biggesple explained the task. All tasks were restricted to the second
gap between the two entries; using RC, T2 requires usimgf of a championship, i. e., to the right half of the charts (see
the scores inspector; and using SC, T2 should require Eigure 3), as ranks vary too much during the rst half—because

same strategy as using GC. all teams start with O points. This ensured a consistent dif culty
level across datasets and comparable trials. Repetitions were

T3 How many changes occurred at ranRr limited to 30 seconds, and participants were allowed to “skip” a

H3a GC< RC repetition if it was considered too dif cult. The use of inspec-
H3b GC> SC tors was allowed, and responses were submitted using a text

Rationale: using GC, T3 consists in following the line endingeld. The correct response was displayed after each repetition.
at the given rank (starting from the end), and counting afithally, after each trial, participants were asked to evaluate on



6& i 5&
*& i 6&
*— *& i 5&

sC

1L
Pl
o
1L

GC

6& i 5&
*& i 6&
*& i 5&

sC

L
o
o

|
i
[

GC

sc e 58 i 6& ——
@ RC o 5& i *& o
GC — *& i 6& o——
sc o— 68 i 5& —e
F RC —_— 7 o6& i *& ]
* i L]
(@) cc & i5& i

75% 100 % i 100 %

0% . 50% )
Mean correctness Pairwise Comparisons (% differences)

i
sc o sc/Ge | .
= & Rrersc 3
Gc . RC/GC |
- sc . _, SCIRC L
N RC N SC/GC T
Gc . RC/GC .
T
- sc . _ RCIsC |
@ RC ] @ GClsc
GC o— GC/RC | [
sc . RC/SC | .
F RC 3 F RC/GC ‘—o—
(b) ec b GC/SsC —e
] 0 20 30 10 ] o 20 ]
Mean time for Class x Task (seconds) Mean time Pairwise Comparisons (ratios)

Figure 6: Mean (anccuracy (b) ef ciency, and mean (ajccuracydifference, (b) meaef ciency difference as a function of
visualization technique and task. Error bars are 95% bootstrapped con dence intervals.

1-5 Likert scales the dif culty of the task, their con dence irand ef cient than SCHl4b).
their responses, and the suitability of the class of charts for thé&igure 7 shows the questionnaire results formatted using Berti-
task. Overall the experiment lasted approximately 45 minutesr [ 16]. These are consistent with the accuracy and ef ciency
analyses. GC were considered well-suited for T1 and T2, which
4.4. Results were easy to perform. Responses were more mitigated for T3
In order to assess the accuracy and time of performing tagksl T4, although there is no strong trend against GC. RC were
with the three classes of charts, we base our analyses-orgonsidered ill-suited T1 and T2, well-suited for T3, and re-
timation i.e., effect sizes with bootstrappeti?] con dence sponses were mitigated for T4. SC received enthusiastic feed-
intervals [L3] (see Figure 6). Using effect sizes with con dencback for T1 and T4, more mitigated responses for T2, and were
intervals is recommended by the APA4], and for reporting considered ill-suited for T3.
statistical results in HCII5] over the traditional null hypothesis . .
signi cance testing. 4.5. Discussion
We rst compared accuracy rates between classes of charts. lfilais clearly supported by our results. WhHtLD is also
we found no clear difference, we removed timed out and skippmgpported, we had expected to see a bigger difference between
trials and inspected ef ciency. Note that in the experiment de€ and SC. We attribute the little evidence of a difference in
sign, we had highlighted entries that participants were requirsgturacy to the fact that we had initially highlighted entries for
to focus on in T1 and T4 to avoid measuring any extra time speosimparison. In a less arti cial setting with no highlights, SC
nding those entries. would suffer from visual clutter, and the potentially overlapping
For T1, there is strong evidence that GC are roughly twieatries of interest would be harder to nd and follow. This would
as accurate as RCE(a); and while there is little evidence thanhot be the case with GC, as they are overlap-free.
GC are more accurate that SC, there is evidence that they atd2a is also clearly supported by our resultd$2b however
more ef cient H1b), i. e., the task was completed on average not, as we had expected results to be similar for GC and SC.
1.2 times faster using GC. We attribute the evidence that GC are more accurate than SC to
For T2, there is strong evidence that GC are roughly 758 fact that GC showcore magnitude landmarkthe lightgray
more accurate than REiRa); and there is evidence that GC arborizontal lines in Figure 1(c)). These convey the relative score
more accurate than SEI2b), although the effect size is lesglifferences between consecutively ranked entries. In contrast,
important. SC showabsolute landmarkg&he lightgray horizontal lines in
For T3, there is evidence that GC are less accurate and Efgure 1(b)). These only convey the absolute scores of entries,
cient than RC{3a); but there is strong evidence that GC arand not the differences between them.
more accurate than SEi8b). H3a is supported. We expected RC to outperform GC be-
Finally for T4, there is no evidence that GC are more accura@use they use stable ordinal vertical positions, which result
than RC, and only little evidence that they are more ef cieimt generally horizontal lines—except between time-steps when
(H4a); and there is strong evidence that GC are less accuraigkings change. Using RC, T3 simply consisted in following a



[ - period may be challenged by another team B that obtains the
same score after winning a match. If team B's goal difference

- —_— - is higher than team A's, then team A will be reclassi ed at a
=TT — T rank below team B. Visually, this would result in a break in the
o= horizontal line representing the team, even though the team's
score remains unchanged.
5 Overall, our results show that RC are best suited for rank-
— related tasks, SC for score-related tasks, and GC for rank-and-
= score related tasks. This makes sense, as each class of charts is
designed to facilitate its respective type of tasks. However, we
have found that GC are a good tradeoff for performing all types
] . - . . .
of tasks—especially if interaction is disabled. Although scores
- cannot be precisely determined using static GC, we argue that
score-values are generally not a rst class characteristic of sports
= rankings—ranks come rst, gaps between consecutive entries
come second, and scores come last (usually to discriminate
B ties). Finally, it is interesting to point out that while the scores
inspector worked very well for T4 using RC, the ranks inspector
= was ineffective for T3 using SC (see Figure 6).
Based on our results, we have established the following list
= of recommendations:
= GC should be used for rank-and-score related tasks. RC
should not.
- RC are most effective for rank-related tasks, but GC provide
a good alternative. SC should not be used.
= — SC are most effective for score-related tasks, but GC pro-
- vide an alternative. RC may be used if a scores inspector is
On a higher level, we recommend using GC over the other

_ ) classes for static representations, as GC are more generic. How-
Figure 7: Answers on 1-5 likert scales are mapped on a dggky, interactively transitioning between RC, GC, and SC using

color scale, 3 being the neutral value. Dif culty scores aggr layout algorithm should prove optimal in situations where
inverted to be congruent with other questions, as indicate fhraction is possible.

black squares. Knowledge about soccer is the average score of 7

questions. 5. Extensions and Future Work

Participants in our experiment—especially the soccer
straight horizontal line along the provided rank, and countiegthusiasts—suggested developing a way to visualize cham-
the number of times it was crossed. Vertical positions are not@anships with a focus on a particular team. To address this, we
stable in GC, as they also continuously increase to show scartended our initial design of GC to include an advaneetly
This is even more true for SC, which is whigb is so clearly focusinteraction (Figure 8).
supported by our results. We also used GC to visualize a range of other datasets, includ-

H4a is only partially supported, and the effect is small. Wig data from other sports, academia, economics, and politics.
attribute the lack of evidence of a difference in accuracy #d- examples are available dttp://newcol free :fr/
tween GC and RC to the ef cacy of the scores inspector. Tihis variety allowed us to assess the scalability of static ren-
enabled score extraction in RC, which would otherwise hagerings of GC, as well as the importance of nding ways to
been impossible—unlike in GG4b however is clearly sup-visualize missing data.
ported. We expected SC to outperform GC because using the .
former class, T4 simply consisted in nding the longest ho?-1. ENtry Focus Interaction
izontal segment for the provided entry. The task was not ag-or interactive versions of GC, double clicking on an entry
straightforward using GC, as entries with invariant scores magets it as thdocus entry. The chart animates to a “focus-
change vertical position according to changes in rank. For egntered' state, where the baseline for yhecale transitions
ample, a soccer team A that has a stable score over a cefftaim the minimal value in the dataset to the origineofThe
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Figure 8: lllustration of the entry focus interaction. The entry is
set as the visualization's baseline, and the causes of change are
shown.

line showinge is thus represented as it would be in a slope
graph, with the vertical position of boxes showigigjscore at
each time-step. This facilitates tasks like T4, as they can be
performed like using SC. All other entries are laid out according
to the baseline, and the vertical distance betweand any other
team encodes the score difference between them.

As several participants in our experiment later asked to visu-
alize the causes of change, we also added visual cues (green and
red vertical bars) for each game playeddEach bar linke
with its opponent at the corresponding time-step. Green bars en-
code wins, gray bars draws, and red bars losses. Figure 8 shows
this information. We see thatwon most of its games against
teams ranked lower, and lost to most teams ranked higladso
had dif culties winning several games in a row.

5.2. Generalization and Scalability

As GC are a generic class of slope graphs, we were able to
apply them to various other time-dependent ranking datasets.
Here, we discuss the generalization and scalability of static
renderings of GC through two examples.

Figure 9 shows the evolution of 198 cyclistentrieg rank-
ings after each of the 21 stagéisne-stepyof theTour de France
The magnitude landmarks (thin gray lines) represent 1 minute
gaps between cyclists. Colors encode cyclists' nationality, and
stage miniatures provide context at the top. The chart clearly
shows that many changes occurred in the rankings during the
second stage of the race, which means this stage was key. After
that, rankings remained stable for three stages, before changing
dramatically once agairiour de Franceenthusiasts will also for the top-5 ranks, while competition is erce at the bottom
see that " at terrain stages' generally do not impact ranking§the ranking. Nearly half the top-100 universities are North
or gap magnitudes, whereas "mountain stages' strongly impAgterican; only ve European and two Asian universities are
both. among the rst third. It is also interesting to point out that

Figure 10 shows the evolution of the top 100 universitid@nkings varied a lot between 2003 and 2005. This was simply
(entrieg rankings over 10 yearsie-step} according to the due to modi cations of the ranking formula.

ARWU Shanghai University Ranking. Colors encode world A speci c issue raised by this latter example is that data are
regions (North America in purple, Europe in orange, Asia sometimes incomplete for certain entries (e. g., the universities
green, and unclassi ed in dark gray). The most immediatbown in dark gray). This is typically the case when entries enter
observation is that the entry ranked rst (Harvard Universitgnd/or leave the ranking at a given time-step. We can think of
is far above all others. Below that, several universities struggkveral “off the bat' strategies to visualize the presence of miss-

Figure 9:Le Tour de France at a Glanda7].



and scores, ensure no overlap at each time-step, and make it
possible to identify tied entries.

We have evaluated the effectiveness of GC for performing
rank-, score-, and rank-and-score related tasks. Our results
show that GC are most effective for latter type of tasks, and that
they are a good tradeoff between RC and SC for performing
rank-alone and score-alone related tasks.

Using GC to visualize a wide range of different datasets has
raised a set of new challenges and opportunities. Considering
interaction, we have explored the possibility of focusing on a
particular entry. This should alleviate GC for score-related tasks,
which by default are most dif cult.

Overall, we believe this work provides evidence that semi
space- lling visualizations have unique properties, which raises
the question as to whether they can be applied to other families
of data graphics.
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