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Abstract. It is often interesting to know how similar two persons ar-
gue, e.g. when comparing the attitudes of voters and political parties, or
when building an argumentation-based recommender system. Those ap-
plications need a distance function, which should give intuitive results.
In this paper, we present seven functions which calculate how similar
the attitudes of two agents are in an argumentation. We evaluate how
good those functions match the results of a human baseline which we
determined in a previous work. As it turns out, variants of the p-metric,
Cosine, and Soergel distance best agree with human intuition.
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1 Introduction

Comparing the attitudes different people or organizations have in an argumen-
tation is often relevant and useful, e.g. for clustering using opinions mentioned
in argumentations, recommender systems for argumentation platforms (as used
in our platform deliberate [4]), or comparing one’s own attitudes and arguments
with those of political parties. In a previous work [5], we have conducted a survey
with untrained human subjects to find out what properties a distance function
for argumentation data should fulfill to yield results matching human intuition.

In this paper, we compare different distance functions regarding those prop-
erties. Our goal is to provide hints for application developers which kinds of
distance functions best match human intuition and where and why there are
differences. This helps with choosing functions best suited for the problem at
hand, knowing that their results follow intuitive and understandable properties.

Our contribution is the following: We present a list of properties which should
be fulfilled by a distance function which compares argumentations, based on
a survey we have conducted earlier. Different existing distance functions were
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adapted to use them with attitudes in argumentations. We compare those func-
tions regarding different properties we found to be intuitive through our survey,
and examine different values for the hyperparameters of each function. After-
wards, we explain why certain functions perform better than others.

In the next section, we provide the key definitions used throughout our work.
Afterwards, we define the formal mathematical model and distance functions we
compared. We then present and discuss the results of comparing the functions
with a human baseline, and finally have a look at related work.

2 Definitions

The argumentative terms we use in this paper are based on the IBIS model [10]
for argumentation. An argumentation consists of arguments, and each argument
is formed by two statements: a premise and a conclusion. We call the set of all
statements S and the set of all arguments A C S2.

A special “statement” is the issue I, which denotes the topic of an argu-
mentation and has no conclusions. All premises for arguments with I as the
conclusion are referred to as positions, and are typically actionable items like
“We should build more wind power plants.” P C S is the set of all positions.

Different persons can have individual views in an argumentation: They can
(strongly) agree (denoted as (+) (agree), or + (strongly agree), respectively) or
disagree ((-), -) with statement:ﬂ, be neutral (0) about a statement, indicate to
not have an opinion (@), or do not mention anything about a statement (?; so we
do not know their opinion); we call this stance on statements opinion. We define
the set of possible opinion values for a statement O := {+, -, (+), (=), 0,0, 7}.

They can also assign arguments different relevances (or weights or impor-
tances), and give a priority order for positions. The overall importances and
opinions of a person are referred to as their attitude.

We represent a person’s attitude as an argumentation treeﬂ or, if only posi-
tions are involved, as sorted lists with positions, where the most important po-
sition is at the top. Note that in our tree representation, statements are nodes,
argument are edges, to have statements as atomic building blocks. This visual-
ization can, however, be transformed to classical Dung-based [7] abstract argu-
mentation frameworks when needed. We do not draw the common root [ in our
visualizations to make them simpler.

As an example, we explain how Alice’s tree in Figure [I¢| should be under-
stood: Alice agrees with the position p and the statements a and b, which build
arguments with conclusion p. The argument (a,p) is more important for her
than the argument (b,p) (indicated by the bolder edge). Note that we do not
differentiate whether an argument edge is attacking or defending — this is up
to the interpretation of the natural language presentation of the scenario, but

! A more fine-grained model for the strength of (dis-)agreement, as we have suggested
in [3], could be used, but is not necessary in this work.

2 A representation as more general graphs is also possible, but again not necessary for
the examples in this work.
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is consistent within all trees of one scenario (i.e. in Figure the edges (a,p)
in all three trees are either consistently attacking or supporting arguments); a
differentiation is therefore not needed in the model for the purpose of this paper.

Throughout this paper, we use the term distance function to refer to a func-
tion which calculates some distance between pairs of argumentations with the
parts introduced above. Those functions might happen to fulfill all properties of
a metric (e.g. the triangle equality), but are not required to do so.

We now define how the drawing of a tree is translated to mathematical ob-
jects. Each tree can be considered as a pair of functions (o, s), where 0: S — O
captures the opinion on statements, s : A — Ny the sorting of arguments by
importance (where 1 means top-priority, 0 no priority (as default for not men-
tioned arguments); the ordering is not required to be injective). Note that we
view a function as a set of ordered pairs (parameter, function value).

Please note the following conventions: The sorting position of a position p is
treated as the sort order position of a pseudo-argument (p, I). If o is undefined
for a value, the function’s value is 7. If s is undefined for a value, the function’s
value is 0. To keep the notation simple, we assume that the functions’ domains
are the same when two trees are compared.

For example, Alice’s tree in Figure [le| translates to o = {(p, +), (a,+), (b, +)},
s = {((a, 1),1), ((a,p), 1), ((5,p),2)}.

A distance function must map the different values to numeric values for
calculations. We will evaluate different transformation strategies. As all distance
functions need to map the opinion values of O to numeric values and some of
them map importance weights to other numeric values, we define the following
common mapping strategies:

0.5 ifx =+
0.25 if z = (+)

r(x) =<0 ifx € {0,0,7} (1)
—-0.25 ifz= (=)
—0.5 ifx=-
wn(e) = @)
wyla) = o 3)

The result of a division by 0 is defined as 0, which means that arguments
without importance value (which default to 0) get a calculated weight of 0. The
variants wy, and wg are defined the same way, but the values are normalized such
that the sum of function values for all arguments with the same conclusion is 1
(or 0, if no argument has a value greater 0). For instance, if we take Alice’s tree in

=

Figure lefagain, w;((a,p)) = o1 = 2. If we mention the function name w, any
1 2

possible variant can be used (thus, the concrete choice of w is a hyperparameter

of the distance function).
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Sometimes, we refer to the “simple” opinion, which removes the weight part
of the opinion:

+ ifx=(@+)
simple : O — {+,-,0,0,?} :z— ¢ - ifx = (-) (4)

x otherwise

3 Distance Functions for Argumentations

We now present the distance functions we have compared. Most functions are
based on previous work in argumentation theory or related fields and have been
adapted by us for use with the formal definition introduced in Section [2 Most
functions have hyperparameters, e.g. which function w is used. An overview of
the distance functions, their hyperparameters and tested ranges can be found in
Table 11

Table 1: Overview of examined distance functions and their hyperparameters
with tested values

Function Hyperparameters

Bhavsar w € {wj, w5}, N € {.1,.25,.5,.75,.9}

Cosine w € {wg, Wy, Wh, Wi}

Jaccard set € {setq, seto, sets, sety }, keep € {keep,, keep, }

p-metric  p € {1,2}, ds € {ds,,,ds. }, da € {dao,das}, w € {wy, wg, wp, w;}

Soergel w € {wg, Wy, Wh, Wi}

VAA -

WATD a€{.1,.25,.5,.75,.9}, w € {wg, wg, wn, wy, }

Bhavsar distance [2] presented a metric for match-making of agents in e-
business environments, which are represented as trees. As the definition of that
recursive metric is lengthy, we do not repeat its definition here. The metric can
be applied to our structure by transforming sort orders using wj or wg, and
treating opinions as node labels. A parameter N sets the relative importance of
subtrees and respective roots, similar to the PageRank algorithm [I5].

Cosine distance We define the Cosine distance similar to [16], who predict
opinions in argumentation. They treat accepting and declining a statement s as
two different entities (“acceptance of s” and “acceptance of —s”) and ignore a
statement if it has no rating in one of the inputs:

Vi-Va
Aty ty) =1 — —L 2 5
(h2) = 1= Al (5)
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where an argumentation tree t; = (0;, s;) is transformed to a vector V; with the

components s;(a) for every argument a, and max(—r(0;(s)),0) and max(r(0;(s)),0)
for every statement s for which both trees have no ? opinion.

Jaccard distance The Jaccard distance has been used by [11] as the basis for
calculating the similarity of process models. We apply it in the following form:

_|set(t) Aset(to)]

At t2) = ot (t1) Uset(ta)] (©)
where the functions “set” and “keep” are chosen from

setq((0,8)) = seto((0, s)) Usets((o, s)) (7

seto((0,8)) = {(2,9) | (x,y) € 0 Nkeep(y)} (®)

sets((0,8)) = s 9)

sets ((0, s)) = simple(s) (10)

keep,(z) =1 (11)

)1 ze{+,(#,0,(=),-}
keep,(x) = {O otherwise (12)

If “set,” is used for “set”, argument weights are completely ignored; “sety”
completely ignores opinions and only looks at argument and position weights.
“keep” determines if unknown (?7) and “no opinion”s (@) are included.

The argumentation software Carneades [8] uses a special case of this distance
function with set = sety, which means that the relative number of different
opinion tendencies is counted.

p-metric This distance function is based on the p-metric for fuzzy sets [20].

d(t1,t2) = (Z ds(01(s), 02(s)) + Z da(s1(a), sz(a))> ' (13)

seSs a€A

with p € N, and ds, da one of

0 if 01 = 09
dsy(01,02) =< 1 if 0 or o9 in {0, 7} (14)
[r(o1) — r(02)|P  otherwise
dss(01,02) = |dy (simple(oy ), simple(o2))|” (15)
dap(s1,82) =0 (16)

das(s1,s2) = [w(s(s1)) — w(s(s2))[” (17)
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Soergel distance This distance function is also known as weighted Jaccard
distance, which has also been used by [I6]. We use the following definition,
which uses the same vector representation as defined for the Cosine distance
above:

_ Zz min(‘/lia ‘/21)
> max(Vi;, Vo)

where Vi, is the i-th component of the vector representation of ¢;.

d(ty, ta) =1 (18)

VAA distance In many Voting-Advice Applications (VAAs), the distance be-
tween a user’s attitudes and political party’s attitudes on political positions
are compared. One possibility is using proximity voting logic [I7], optionally
weighted, which doubles the influence of a position (as, for example, used by the
German Wahl-O-Mat application [I3]). We adapted the idea to our model:

d(t1,t2) = Y u(01(p), 02(p)) - ver 12 (51(), 52(p)) - (01, 02) (19)

peP
with
2 if in {+ -
w(oy, 03) = if 01 or.02 in {+-} (20)
1 otherwise
2 if s or sg is in the top half (rounded down)
Uiy 1, (81, 82) = of the ratings for positions (21)

1 otherwise

if i ?
201, 09) = 0 ' . if 01 or.02 in {@, 7} (22)
|r(simple(o1) — r(simple(o2))| otherwise

Note that, as in a VAA, only positions are considered, and statements which
are no positions are ignored. Moreover, both arguments and positions can con-
tain weights in our model, whereas a VAA typically only allows voters to input
weights.

Weighted argumentation tree distance (WATD) In [3], we have suggested
a pseudometric for argumentations with weighted edges and nodes. This metric
respects the structure of an argumentation tree by limiting the influence of each
branch to its importance, and giving statements deeper in the tree a lower weight.
Adapted to the tree model in this paper, the metric is defined for two trees
t1 = (01, 1), ta = (02, $2) as follows:

d(titz) = (1=a) ) o™ TT w(si(@)r(oi(s) = J] wlsala))r(oa(s))

sES a€As 1 aC€As g

(23)
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with o € (0,1) (a lower o emphasizes opinion on statements closer to the root,
similar to N in the Bhavsar distance), A;_,; the set of all arguments from state-
ment s to the root I, and de(s) the depth of a statement s, where positions have
a depth of 1. This basic idea is to multiply each opinion value of ¢; with the
product of all weight from the root node I to that opinion calculate the distance
to the same value in t5. Thereby, opinion difference closer to the root have a
higher influence than “deeper” opinions.

4 Comparison with a Human Baseline

We think that the best way to check whether a distance function is intuitive
is comparing it with a human baseline. In an online survey we have previously
conducted [5], different possible properties for distance functions comparing atti-
tudes in argumentation settings have been checked for their intuitiveness. In the
survey, around 40 assessments by untrained human subjects have been collected
for different argumentation scenarios. From the survey results, we can get a list
of properties which should be fulfilled by a distance function to match human
intuition. If we look only at properties which can be considered intuitive from
that survey on a significance level o = 107@, we get a list of 17 properties which
should be fulfilled.

For many hypotheses, also comparison questions not directly relevant for the
hypotheses have been asked in the original questionnairdﬂ For instance, if we
wanted to know whether Alice’s attitude is more similar to Charlie’s or Bob’s
attitude, we also asked whose attitude is closest to Bob’s. For those hypotheses,
we also considered properties which can be derived from the additional ques-
tions, if they are significant. Those additional properties will be marked with a
superscript 4, and all resulting sub-hypotheses are numbered with the accord-
ing sub-question number (e.g., H2.14 is the first question for the questionnaire
scenario for H2).

Table [2] lists all relevant hypotheses from [5] which we used as the basis for
our comparison. For this paper, we changed the formulation of the hypotheses
to match the real outcome of the survey to reflect the actual property expected
from a distance function. Note that for H18, two scenarios were used, where
only one yielded significant results, which is why this hypothesis has been com-
pletely reformulated. Figure[I]depicts visualizations of the concrete questionnaire
scenarios for some more complex hypotheses, and also what similarity order is
expected, based on the survey results. For example, in Figure Bob’s attitude
should have a smaller distance to Alice’s attitude than to Charlie’s attitude.
Since the answers for human intuition are known only for those concrete scenar-
ios, we will only use those concrete examples as the basis for the comparison of
distance measures.

3 including Bonferroni correction for multiple comparisons, i.e. we assure that the type
I error rate is less than 10% by requiring p-values less than

(o]
number of possible answers
4 ¢f. raw data at https://github.com/hhucn/argumentation-similarity-survey-

results/
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Alice I Charlie + e
@+ 0 @+ ; ©

a) H2.1%: d(A, B) < d(A,C), H2.2: d(B,C) < d(B, A), H2.3*: d ) < d(C, A)

Alice + e + e Charlie + 0
+ @@ * + @

) H5: d(A, B) < d(A,0)
Alice  + @ Bob - @ Charlie 7 @

(c) H8.1%: d(A, B) = d(A,C), H8.2*: d(B, A) = d(B, C), H8.3: d(C, A) = d(C, B)

Alice  + @ Bob  (4) @ Charlie

+

( H131A )<dAC’ H13.2: d(BA <dBC H13.3%: d (C,B)<d
+0 0 HORIO SO0,
s H14.1%: d(A, B) < d(A, C), H14.2: d(B, A) < d(B,C)
Alice: Bob: Charlie: Alice: Bob: Charlie:
1. b+ 1. a+ 1. a+ 1. a+ 1. a+ 1. c+
2. a+ 2. c+ 2. b+ 2. b+ 2. b+
3. c+ 3. b+ 3. ¢+ 3. c+
(f) H16: d(C, B) < d(C, A) (g) H21.1: d(A, B) < d(A, C),

H21.2%: d(B, A) < d(B, C)

Fig. 1: Visualization of questionnaire scenarios (and thus, test scenarios) of some
hypotheses; d(A, B) denotes the distance between Alice and Bob etc.
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Table 2: All relevant hypotheses which we included in our comparison. Deviations

from the original formulations in [5] are emphasized.

# Property

H2 Proportionally bigger overlap on arguments for/against a position results in greater similarity
than the absolute number of differences.

H3 A neutral opinion is between a positive and a negative opinion.

H5 Weights of arguments have an influence even if they are the only difference.

H7 No opinion has the same distance from a positive and a negative opinion if a decision is
forced.

H8 An unknown opinion has the same distance to a positive and a negative opinion as a positive
and a negative opinion if a decision is forced.

H12 It is possible for a difference in arguments for/against positions to result in greater dissimi-
larity than a difference in opinions on those positions.

H13 Two argumentations with weak and contrary opinions on a statement can not be closer than
two argumentations with the same opinions, but with very different strength.

H14 Two argumentations with weak arguments and contrary opinions on their premises can not
be closer than two argumentations with the same opinions, but with very different strength

of arguments.

H16 Flipping the two most important positions results in a bigger difference than flipping two less
important positions.

H18 Mowing the least important position to the top results in greater dissimilarity than changing
the order of item 2 to 4.

H19 Agreeing with someone’s most important position is as important as having that person’s
most important opinion matching mine.

H20 Adding another most important position (which is neutral in the other argumentations)
results in greater dissimilarity than flipping the priorities of two positions.

H21 Having more similar priorities of opinions can result in greater similarity even with lower
absolute number of same opinions.

H22 Not mentioning a position results in greater dissimilarity than assigning lower priorities.

The following hypotheses have not been considered although our inclusion
criterion is fulfilled: A variant of H8, which says an unknown opinion vs. a posi-
tive and a negative opinion cannot be assessed, has been excluded, because this
would result in a partially defined distance function, which we consider undesir-
able. H9 only checked text comprehension and has no implications for a distance
function. H15, which included an undercut attack, is not included since the orig-
inal question was probably misleading/not understood by the participants, as
discussed in [5].

We now present which distance functions fail on which reference scenarios,
and give explanations on why certain distance functions fail on specific cases. We
have tested each distance function with every possible combination of hyperpa-
rameters with the relevant scenarios. Table [3| summarizes which cases yield the
expected results for each distance function with the best parametrization (i.e.
maximum number of expected results). Those parametrisations are depicted in

Table E

The p-metric fails on H21.1 (cf. Figure only, which happens because the
missing weights for b and ¢ have a greater influence than the common most
important position of Alice and Bob. The Jaccard distance function also fails
on H21.1 since it only considers that Alice and Charlie have more positions in
common.
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Table 3: Overview of cases fulfilled by the individual distance functions for the
parametrisation which yield the highest number of fulfilled cases; ¢ are failing
cases where the calculated distance is 0; the numbers of sub-hypotheses refer to
the question number in the original questionnaire.
Hypothesis Bhavsar Cosine Jaccard p-metric Soergel VAA WATD
H2.1% ¢
H2.2
H2.3%
H3
H7
H8.1%
H8.2*
H8.3
H5
H12
H13.14
H13.2
H13.3%
H14.14
H14.2
H16
H18
H19
H20
H21.1
H21.24
H22

)y

e

e

v
v
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ANENENENEN
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NN N NN N
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S NN N N N N N N SN NENEN
S RN N N N N N N N Y SN NENEN

SNENENENENEN

<

SIENEN

= ENENENENENENEN

Table 4: Best parametrisations for each distance function; each combination of
the listed parameters yields the same (best) results.

Function Best parametrisations

Bhavsar  w € {wy, w5}, N € {.1,.25,.5,.75,.9}

Cosine w € {wq, wg, wy, }

Jaccard  set € {set, }, keep € {keep,}

p-metric  p € {1,2}, ds € {ds,, }, da € {das}, w € {wy, wy}

Soergel w € {wg}

VAA -

WATD  a € {.25,.5,.75,.9}, w € {wg, w; }
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All cases for H2 (cf. Figure fail only for the VAA distance function, where
equal distances are calculated instead of different ones, because the arguments,
which are the only difference in this case, are completely ignored by this function.
The same applies to H5, H12, H14.14 and H14.2. H14 also fails for WATD,
because the distance function has been designed to not fulfill this property [3,
Desideratum 7].

Many properties involving changing the importance order of positions, namely
H16, H18, H21.1, H21.24, and H22, fail for the VAA function since it does not
have a fine-grained differentiation of importance which is necessary to capture
the differences.

All distance measures except for Jaccard and p-metric fail to give a positive
and a negative opinion a distance which is equal to the distance to an unknown
opinion (H8.14, H8.24, cf. Figure . Jaccard is good here because it treats
any difference of opinion as equally distant; the p-metric explicitly defines every
comparison with an unknown opinion as 1. On the other hand, e.g., WATD is
defined to treat an unknown opinion as falling between positive and negative,
and the VAA metric ignores a position if the opinion in one graph is unknown.

Hb5 states that the difference between argumentations should be non-zero even
if argument weights are the only difference. This fails for Bhavsar by design of
the metric [2, Example 2]. The best parametrisation for Jaccard ignores weights,
so it also fails here. For the same reason, H16 and H18 fail for both distance
functions.

H13.3% checks that a negative opinion (-) is closer to a weak positive opinion
((+)) than to a stronger positive opinion (+). Bhasvar and Jaccard distance
functions fail to see a difference here because they treat the distances between
any of the opinions -, (+), and + the same.

To sum up, Cosine, p-metric, and Soergel yield the best results, matching
human intuition in more than 90% percent of the tested cases.

5 Discussion

From our evaluation, one gets an idea which metrics yield intuitive results for
applications which compare attitudes in argumentations. Nevertheless, we want
to point out some limitations of our comparison method.

Firstly, we did not have a look at bigger argumentation hierarchies, or ar-
gumentation with re-used statements (e.g. cycles). For the former, our previous
survey did not give significant results, for the latter, no reference data has been
collected in the survey because cycles are hard to grasp with intuition. Hence,
distance functions which model those cases (e.g. the original WATD pseudomet-
ric) have a disadvantage because this feature is not considered in the comparison.

From the survey results, it is also possible to conduct properties which should
not be fulfilled. There are cases where there is no significant “true” answer, but
there are clear “false” answers. Furthermore, the list of properties and cases
checked in this paper is probably incomplete and can be extended with additional
intuitive properties, which might then change the ranking of distance functions.
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As we built upon the results of our previous survey, and we are not aware of
similar surveys, we did not include more properties.

Note that we did not check whether the original properties as presented in
Table [2| are fulfilled in general, but only whether the concrete questionnaire sce-
narios yielded the expected, “intuitive” results. We did this because the original
survey did not find out whether the hypotheses are true, but only collected
results for the specific scenarios. Moreover, all properties get equal weight. De-
pending on the application (e.g., a VAA), some properties might not be relevant.
What is more, some distance functions might get better results if the underlying
representation model is changed.

Finally, it will be interesting to evaluate distance functions not on concrete
artificial scenarios, but in an application context, e.g. a recommender system,
since this might produce different results. A challenge for real applications is
retrieving the necessary pieces of information from a user, e.g. how important
an argument is considered, within an intuitive user interface.

6 Related Work

There is only limited related research in the evaluation and development of dis-
tance function in the context of argumentation, but there are some applications
of such distance functions which have been studied.

A dataset with 16 positions on 4 issues has been published by [16]. 309 stu-
dents gave their opinions on those issues by giving arguments and their level of
agreement with that argument on a scale from —1 (total disagreement) to 1 (to-
tal agreement). They compare different algorithms for predicting user opinions
on positions. A kind of soft cosine measure, where feature similarity is exploited
using position correlation, performed best in their comparison. The compari-
son also included, i.a., collaborative filtering using Jaccard similarity, ordinary
Cosine similarity, and other, model-based algorithms, e.g. a neural network.

Their work focuses on the application of measuring similarity in the concrete
context of a recommender system, whereas we focus on calculating relative simi-
larities to get a similarity order for user attitudes. Similarly, [18] tested different
recommender agents in laboratory argumentation settings. [9] uses collaborative
filtering and clustering in a social network context to find political parties closest
to a user. The collaborative filtering was used to predict missing values to make
clustering with sparse information easier.

Related work in other domains than argumentation chose a similar way of
evaluation with a human baseline as we did in this paper.

In the context of word similarity, [I2] proposed different distance functions,
and compared them with human ratings from a dataset created by [I4]. They
also indicate that the best way to determine the quality of a distance function is
comparing it with human common sense. Within the same application context,
[6] agrees that “comparison with human judgments is the ideal way to evaluate
a measure of similarity”.
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The study presented in [I] is based on the study design of [I4]. 50 human
subjects assessed the similarity of process descriptions, and compared those as-
sessments with the values of five metrics. The results did not correlate well, but
the correlation with the metrics was not worse than the correlation between
the human subjects. [II] present a metric based on the Jaccard coefficient for
process model similarity. They compared the results of the metric with human
assessment in an information retrieval task.

[19] evaluated six different similarity measures (i.a., {1, 2 norm, pointwise
mutual information) with the application in a recommender system for online
communities using item-based collaborative filtering. A similarity measure has
been considered good if the user wanted to join the suggested community. The (2
norm performed best, although the authors found other tested measures, which
incorporated mutual information, more intuitive.

7 Conclusion and Future Work

We have presented several distance functions for comparing the attitudes of
different persons in an argumentation. We compared the performance of the
functions in various scenarios with a human baseline taken from a survey we have
previously conducted [B]. The distance functions based on the p-metric, Cosine,
and Soergel distance performed best on our dataset. Those results can be used
for developing applications which should give results matching human intuition,
e.g. when developing a distance-based recommender system for arguments, or
clustering of opinions.

For future work, an extended comparison with more scenarios for a human
baseline would be useful, i.a. for deeper argumentations. A comparison in differ-
ent application scenarios can give more insights. We plan to compare different
metrics in an argument-based voting advice application in an empirical study.
Another aspect for further research is the question of how to gather the informa-
tion needed from users without having user interfaces which are too crowded.
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