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Evaluations should be conducted regularly throughout the development of interactive applications to ensure and improve usability.
Automated approaches can enable time- and cost-effective evaluations, as the participation of test and expert personnel is not required.
Especially in early phases of development, usability evaluations could thus be made possible without much effort. This paper describes a
concept for automated usability evaluation of Ul prototypes that supports the design and can complement classical usability evaluation
methods. To test this concept, a plugin was implemented that evaluates design drafts in the Figma prototyping tool. The evaluation is
based on usability metrics, a GOMS model for modelling interaction sequences that also supports predicting processing time and hint
patterns for identifying usability problems in interaction sequences. The tool was tested and evaluated in a number of trials, which provided
insights into the suitability of the concept and identified approaches for further development.
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1 INTRODUCTION

Throughout the development process, evaluations can find and correct significant usability deficiencies of an
interactive application early on [1]. Therefore, it should be possible to integrate evaluations into the development process,
especially in early development phases, in a time and cost effective way. It would be ideal if the tools used for designing
and testing interactive applications offered the possibility of automated evaluation. Therefore, this paper examines existing
approaches of automated usability evaluations and transfers them to the automated examination of UI prototypes. Based
on the findings, a prototypical implementation was developed. The usefulness and usability of this implementation is

evaluated by conducting and evaluating user tests.

2 RELATED WORK

Approaches to automated usability evaluation have so far mainly focused on the evaluation of existing applications.
They can be assigned to three categories [2] as follows. Firstly, interaction-based evaluation methods use recorded user
interactions that are either compared with an "optimal" reference (e.g. [3]) or examined for certain patterns, e.g. interaction
patterns for usability problems (e.g. [4]). Secondly, metrics-based methods aim at evaluating the user interface on the basis
of various usability indicators (e.g. [5]). Thirdly, model-based approaches use analytical modelling or simulation

techniques to make predictions about the usability of a user interface (e.g. [6]).



A (partially) automated usability evaluation of UI prototypes is currently provided by tools for performing remote
(interaction-based) usability tests (e.g. in [7]). Especially for accessibility testing, some plugins of different prototyping
tools can also be used. Such plugins often examine (metrics-based) visual factors such as colour contrast (e.g. in [8]). Other
(prototyping) tools for metrics-based evaluation of the usability of UI prototypes also focus on visual, textual and
functional, including simple navigational, investigations (e.g. [9]).

The number of tools for model-based evaluations of UI prototypes seems to be still small. The tool StEM aims to make
predictions about the performance of a user interface based on the so-called Touch Level Model [10], a model for
quantifying touch-based interactions, by placing individual actions on the image of an interface and combining them into

a sequence of interactions. [11]

3 ATOOL FOR AUTOMATED USABILITY-EVALUATION

In this paper, we describe an automated usability evaluation of prototypes which is implemented as a tool in the form
of a plugin for the web-based prototyping tool Figma [12]. Considering the context of use, the way designers work and
different characteristics of Ul prototypes, both a metrics-based and a model-based approach seem to be suitable [13]. These

methods are combined to support different approaches to design and to explore a wider range of usability aspects.
3.1 Metric-based evaluation

3.1.1 Metrics

For the metrics-based evaluation, a metrics collection is used and slightly extended. The collection is largely taken
from [9] and is based on the Quality in Use Integrated Map (QUIM) [14], the Research-Based Web Design & Usability
Guidelines [15] and the Web Content Accessibility Guidelines (WCAG) [16]. For the evaluation, 21 metrics [13] are
chosen, which relate to different aspects of the usability of user interfaces.

3.1.2 Evaluation

In order to start an evaluation, the user selects relevant metrics and Figma frames (for details on the user interface see
[13]). Each frame represents a page of the design to be examined. Since designers develop their own design procedures
over time or follow certain steps, support for repeated work steps can increase the efficiency of an automated tool. For this
purpose, evaluation profiles can be defined. An evaluation profile groups several metrics, e.g. concerning the same usability
criteria according to QUIM [14]. Evaluation profiles can be defined by the user him/herself.

3.1.3 Presentation of the results

After the evaluation, the results are visualised by listing the results of the selected metrics (see [13] for more). A
coloured icon indicates whether violations of a metric were found. If a metric has a threshold value (tolerance), this is used
to classify the violations (yellow or red). If violations were found, the problematic frames, elements or attributes are listed
below the name of the metric. Clicking on these list entries highlights the affected frames or elements in the draft.

Below the current results list, a history of past evaluations consisting of date, time and the results are displayed in list
format. Thus, current and former results can be quickly compared to check for improvements.



3.2 Model-based evaluation

Within the course of the model-based evaluation, the tool allows to define interaction sequences representing user tasks.
A sequenceconsists of several successive individual actions and can be evaluated based on a GOMS-Model. By comparing

two interactions sequences several variants of a design can be compared directly with the support of the tool.

3.2.1 Basis for evaluation

Various models have been established for describing individual processes in the context of human-computer interaction.
The GOMS model uses different operators and empirically determined time values to predict the duration of an interaction
and is often used to compare several design alternatives [17]. In addition to support individual evaluations of a single
interaction sequence, different hint patterns are used for an extended investigation. These hint patterns are based on patterns
of interaction-based approaches to usability evaluation (see section 2) and can indicate usability problems. We use a special
GOMS Model, the Keystroke Level Model (KLM).

3.2.2 Definition of the interaction steps to be evaluated

In order to define interaction sequences in the context of a prototype evaluation, the user of the plug-in creates tasks
(for details on the user interface see [13]). Each task consists of one or more individual actions such as clicking a button
or a link or entering content in input fields. In all representations a task is identified by its name and a colour. To define an
action, an interaction type is linked to a concrete interaction element of the design. This relationship is visualised by an
annotation that indicates the task by its colour and the positioning of the action within the task by a number. When adding
individual actions, usability checks are performed concerning the size of the interaction element. If the task already contains
one or more actions, it is also checked whether the successive actions of the task are compatible with each other. They are
compatible if a previous action can reach a subsequent action. Several tasks can in turn be combined within a scenario. In

this case, successive tasks are also checked for compatibility. (for more on compatibility checking, see [13])

3.2.3 Evaluation

Previously defined interaction sequences can be evaluated on a task or scenario basis by choosing one to two tasks or
scenarios. In a single task or scenario evaluation, the tasks are evaluated using the KLM and some hint patterns. Since
within a scenario there may be hint patterns in the transition areas between the tasks, these areas are considered separately
in the scenario evaluation. In an evaluation of two tasks or scenarios, two evaluations are done followed by a comparison

of the results.

3.2.4 Presentation of the results

After defining and evaluating interaction sequences on a task or scenario basis, the tool visualizes the results. The
visualization uses bar charts to give the designer a direct overview of the duration of a task or scenario. Thus, in case of a
comparison, the designer can directly see with which design a certain goal can be reached faster.

The result of a task evaluation (see figure 1a) contains a bar chart showing the operators of the KLM distributed over
the interaction sequence. The frequency of the respective operators, their duration and the total duration of the task
processing can be seen in the diagram. Below the bar chart, the time it takes to complete the task according to the model
is shown, as well as some information about the hint patterns found.

A scenario evaluation (see figure 1c) leads to a clickable bar chart that separates the individual tasks within the scenario

by means of colour distinctions. Similar to the evaluation of a task, the total processing time of the scenario and some



information about the hint patterns found are displayed below the bar chart. By clicking on the bar area of a task, the task
evaluation (described above) is displayed below the scenario bar chart.

The comparative evaluation of tasks (see figure 1b) or scenarios (see figure 1d) leads to a similar display of results.
Within a bar chart, the two tasks/scenarios are compared in time. Below this are the amounts of the processing times.
Clicking on a task/scenario opens the respective view of the evaluation results (for this task/scenario).

For each task and each scenario (identified by name), past evaluations are saved. If past evaluations are available, a list
of past values with date and time can be opened below the "Duration of goal achievement". Thus, past and current
evaluations can easily be compared to review the progress being made.
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Figure 1: Presentation of the results of the model-based evaluation

4 TESTS AND RESULTS

Tests were conducted to investigate the usability, supportiveness and actual efficiency increase of the plugin. Six people
took part in these tests and completed two tasks, each of which addressed one of the approaches to usability evaluation.
They then completed a questionnaire that was used to investigate the acceptance and usefulness of the plug-in.



As a result, the metrics-based evaluation seemed to be more understandable due to its lower abstraction and the
experience of the test persons with such evaluation methods. The evaluation results could support the improvement of the
design draft. However, the concept of evaluation profiles was not understood by all test persons. Some of the participants
mistakenly assumed that the creation of profiles was compulsory and would be used for evaluation in the next step.

The use of a model-based evaluation led to a greater number of challenges. Despite initial problems in understanding
the definition of tasks and scenarios, all participants were able to solve the tasks given to them. When reading the evaluation
results, some participants had problems identifying the clickability of the bar charts, despite a textual hint directly above.
Furthermore, the results of an individual evaluation seemed to be rather incomprehensible in most cases, especially with
regard to the evaluation of the predicted processing time. The results of the hint patterns found were perceived by the test
persons, but did not lead to any noticeable changes or improvements in the interface. Only two test persons suggested
improvements.

The evaluation of the questionnaires (see [13]) showed that the majority of the test persons felt supported in the
evaluation as well as in the design. The evaluation results were largely seen as helpful. The likelihood of reuse and
recommendation also seemed very high from the point of view of the test persons themselves, which suggests high
confidence in the test results.

5 CONCLUSION & OUTLOOK

In the context of this study, it has been shown that both a metrics-based and a model-based approach are suitable for
the automated usability evaluation of Ul prototypes. However, the evaluation of the actual applicability, acceptance and
effectiveness of the concept requires further investigation.

The direct integration of evaluation into a popular tool for creating Ul prototypes offers several advantages over
standalone solutions, especially for increasing efficiency. Above all, the possibility of directly defining and evaluating
interaction sequences, as well as comparing multiple sequences within a prototyping tool represents an innovative approach
that offers new possibilities for evaluation.

Especially when investigating several design alternatives, a prediction of the interaction duration seemed to offer a
quick decision support. However, it seemed to be less useful for the evaluation of individual interaction processes. The use
of hint patterns to find usability problems also seemed to provide only limited help, which may be due to the selection of
the patterns or the wording of the recommendations for improvement. Since the patterns used originally referred to ready-
to-use applications, the identification and inclusion of further patterns of investigable usability aspects of prototypes could
lead to an improvement.

The use of functional or navigational usability metrics can allow a broader investigation of different aspects in early
phases of development, but it is questionable how much added value these actually have in the prototyping domain. Some
aspects depend on the actual implementation and should be investigated there anyway. The implementation framework of
the tool included only a small selection of metrics. In the context of the implementation of further metrics, it should be
investigated to what extent a larger selection influences the effectiveness and efficiency of the designers and which metrics
are actually used on a regular basis.

Further information: https://medien.hs-duesseldorf.de/personen/dahm/Projekte/Seiten/FigmaUsabilityCheck.aspx



https://medien.hs-duesseldorf.de/personen/dahm/Projekte/Seiten/FigmaUsabilityCheck.aspx
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