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Abstract: This paper presents the results of a study th&gddbe effect of compression and
refinement, as implemented in tA¥ERs graph visualization software for crime analysts, on
the quality of the users’ analysis of a simple eicase and their understanding of this case. In
this study professional crime analysts and studeitits used these methods outperformed
users that were only allowed to use conventiondhods to handle large graphs.

Introduction

Graph visualization tools have been shown promidiog learning and for collaborating on the
construction and evaluation of arguments (KirschBerckingham Shum, & Carr, 2003; van den Braak, van
Oostendorp, Prakken, & Vreeswijk, 2006). In thisrispa tool for the graphical visualization of s&s and
evidence namedVERs (Argument Visualization for Evidential Reasoningbd on storied)as been developed
(Bex et al., 2007). This tools aims at crime analygho may use it to construct stories about whaapkned by
linking events into causal chains and to connexttailable evidence with these stories throughragmnts.

Problem statement

When large arguments are produced graph visuaizatre often hard to read. As soon as the size of
the graphs or the link density increases, such hgrapecome increasingly more complex and harder to
understand. Argument visualization software shdbktefore offer methods that allow users to displasir
graphs in a readable way. Specialized softwarerfore analysts should additionally offer methodglaborate
on graphs and make underlying reasons explicéhttuld be easy to unfold all hidden information wtha
certain node if desired, while still being able dwersee the larger picture. This is necessary duthé
interactive nature of the analysis process in whickenormous amount of information needs to beyaadland
the constructed graphs are continuously being edgzhmnd refined, while the reasons why certainsliake
added are often left implicit. We suggest a comiigmaof compression and refinement as a viabletgwlu
since it improves the readability of the graphsilevtt also allows for elaboration. Compressiom#sed on the
idea that sometimes lines of reasoning are comgdeisso a rule. Take for example, the two-step argt for
believing witnesses: “witnesses that speak thentsltould be believed” and “witnesses normally spémsk
truth”. This may then be compressed into the ruwérifesses should be believed”. If a rule is to tiacked, it
has to be restated in an uncompressed form. lieis €asy to see that this rule can be attackedduyng that
witnesses who have a reason to lie do not speatkutieand therefore should not be believed (Loll&man,
1995). While decompression is used to add reaswmguiestionable links, refinement allows for theliidn of
more detail to earlier established links. We sugtied useful software tools for crime analystsustigprovide a
combination of these two methods, since they cpmed to tasks that are important during crime asisly

Method

The goal of the study was to determine whethesttiwt contain refinement and compression methods
support their users better than tools that procioleventional methods to handle large graphs. Tidysivas
conducted during a three-hour session at the Duttibe academy in Zutphen; 5 students of crimeyasmiand
11 analysts working in different districts in theetNerlands participated. Subjects were assignetheo
conditions randomly. The treatment group was altbwe use a system which contained refinement and
compression methods in order to analyze a simme.cehe control group analyzed the same case byg asi
basic system which contained a simpler method étlagsibility that allowed them to collapse or ergaall
nodes of a certain type all at once, but in contraghe treatment condition it was impossible xpand or
collapse individual nodes. We predicted that thgestis in the treatment group would perform betegarding
the quality of their analysis and their understagdif the case, than the subjects in the contmigr
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A pre-test was conducted to help to account fosdsabetween the treatment and the control group,
after which the participants were asked to compdet@e instructional exercises to familiarize theithwhe
system. Subsequently, in the actual test they baghalyze a simplified murder case using the systsier
handing in their answers, a post-test was admneidteshich consisted of true or false statement®sb their
understanding of the case. Finally, they were agkefill in a usability questionnaire of 5-pointKert scale
statements to measure the user-friendliness afytbiem as a whole and ease of use of specificréesaiui it.

Results

Pre-test scores revealed that there were no signifipre-existing differences between groups. The
graphs that were produced by the treatment group were complete, better structured and more stha
the graphs produced by the control group, whilesthigiects in the control group (M=3972 seconds \Bith=
878) used more time than the subjects in the trewatrgroup (M=3286 seconds with SD=725). T-testavelib
that the difference in soundness was significantQg) and the difference in time nearly significgmt.06), but
the other differences were not (p=.40 for complessnand p=.24 for structure), although they wer¢hén
expected direction. In total, the graphs of thattreent group were better than the graphs of théraogroup
(M=1.22 with SD=0.40 and M=0.89 with SD=0.41 redpegy). This difference was marginally significant
(p=.07). On the whole the data suggest that tha&trtrent group produces higher quality analyses than
control group. The subjects in the treatment gralsp performed better on the true or false stat¢ésneithe
post-test than the control group (M=14.88 with S[¥5land M = 14.14 with SD=1.07 respectively). Hoerv
the difference found was not significant (p=.1@)should be noted that in the treatment group 4estdwere
able to answer all questions correctly, in the m@rgroup none of the subjects was able to do so.

The usability questionnaire revealed a mean rath@.80 (SD=0.60) on a 5-point scale for user-
friendliness and a mean rating of 3.31 (SD=0.92)tlsn same scale for ease of use. More specifictiby,
subjects in the treatment group (M=3.63 with SD2D.f&und the collapsibility feature easier to ukart the
subjects in the control group (M=3.38 with SD=1,d#)t this difference is not significant (p=.31heke results
indicate that the user-friendliness of the systesads improvement as a satisfactory score shoulat beast
higher than 3 on a scale from 1 to 5.

Conclusion and discussion

The study showed that crime analysts who are allbto use methods to refine or compress links
produce higher quality analyses and understandcdlse better than analysts who are provided withplgim
methods to handle large graphs. All differencesitbbetween groups were in the expected directiohphbly
the difference in soundness was statistically §icamt, while the differences in the overall qualibf the
produced graph and the time taken to complete akk were nearly significant and showed a trendhin t
predicted direction. On the whole the analyseseuiesl in this paper indicate that the selected odlstincrease
performance and they have shown the importanceilitdlde ways to handle large and complex graphg Th
usability measures revealed that the ease of udbeofeatures IPAVERS is satisfactory but that the user-
friendliness of the system as a whole needs impnew. In particular, with respect to user-friends the
inability to undo actions was pointed out as a diraek. While devising future versions of the systsenwill
pay extra attention to this area.

Although the results presented in this paper aoenjsing and in the predicted direction, the efect
were not strong. Two reasons for this may be ifiedti Due to time constraints the case that hdsktanalyzed
was rather small and simple. Arguably, in largesesathe differences between conditions might be evere
apparent. Additionally, we expect that repetitidrthos study with a larger number of subjects wikld more
significant results. Nonetheless this study provigeeliminary support for the claim that compressand
refinement indeed support users better than coioreitmethods to produce readable graphs, whilg éheo
satisfy the specific needs of crime analysts.
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