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Abstract: Think-aloud protocols are among the most standard methods for usability evaluation,
which help to discover usability problems and to examine improvements because they provide
direct information on a user’s thinking and cognitive processes; however, it is often difficult to
determine how to analyze the data to identify usability problems because there is no formulaic
analysis procedure for textual data. Therefore, the analysis is time-consuming, and the quality of the
results varies depending on an analyst’s skills. In the present study, the author proposes a formulaic
analysis think-aloud protocol method that specifies the procedure for analyzing participants’ verbal
responses during usability tests. The aim of the proposed think-aloud protocol method was to deliver
an explicit procedure using step coding (SCAT) and 70 design items for textual data analysis, and
then, the method was applied to a case study of usability evaluation to confirm that the method
could extract the target system’s problems. By using step coding and 70 design items, the process of
extracting usability problems from textual data was made explicit, and the problems were extracted
analytically. In other words, the proposed method was less ambiguous. Once a formulaic analysis
procedure was established, textual data analysis could be performed easily and efficiently. The
analysis could be performed without hesitation after data acquisition, and there were fewer omissions.
In addition, it is expected that the procedure would be easy to use, even for novice designers.
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1. Introduction

One of the most widely used methods for evaluating the usability of a product, soft-
ware, or system is a think-aloud protocol [1]. In usability testing, a think-aloud protocol is
a method of verbalizing what participants experience, think, act, and feel while performing
a task [2]. This method helps to discover usability problems and to examine improvements
because it provides direct information on a user’s thinking and cognitive processes, which
are challenging to examine through mere observation or questionnaire surveys. For this
reason, the think-aloud protocol is often taught in courses that train usability and user
experience (UX) specialists [3-5]. In addition, McDonald et al. [6] and Fan et al. [7] surveyed
usability and UX practitioners and reported that most of the respondents frequently used a
think-aloud protocol for usability testing and considered it to be the most common method
for finding usability problems. Therefore, a think-aloud protocol is a standard method for
usability evaluation [8].

However, there are some challenges associated with implementing and analyzing a
think-aloud protocol [7]. In particular, even if qualitative verbal and observational data
are obtained through usability testing, it is often difficult to determine how to analyze
the data to identify usability problems. The analysis is time-consuming, and the quality
of the results varies depending on an analyst’s skills. In addition, usability testing is not
necessarily conducted only by expert analysts. When the resources of ergonomic experts
are limited, a usability evaluation is conducted by non-expert analysts. In such cases, the
analysis of a think-aloud protocol becomes more difficult.
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One of the reasons for this challenge is the lack of a clear method for analyzing
qualitative data (video and text data) obtained from a think-aloud protocol. Once a
formulaic analysis procedure is established, analysts can perform textual data analysis
easily and efficiently. They can analyze the data without hesitation after data acquisition,
and there are fewer omissions. In addition, it is expected that the procedure would be easy
to use, even for novice designers.

The purpose of this study is to propose a formulaic analysis procedure for the think-
aloud protocol that specifies the procedure for analyzing verbal responses after user testing.
The aim is to develop a method that can extract usability problems and user requirements
with few omissions.

2. Related Works
2.1. Usability Evaluation by Think-Aloud Protocol

Think-aloud protocol methods are based on a theoretical framework initially devel-
oped by cognitive psychologists Ericsson and Simon [9] and were introduced to the field of
usability testing by Lewis [2]. There are three types of think-aloud protocol methods [10-12].
The first type is the concurrent think-aloud protocol method in which the participants
follow the think-aloud protocol at the same time as the experimental task is performed.
The second type is the retrospective think-aloud protocol method in which the participants
verbalize their thoughts after the experimental task is performed. The third type is a hybrid
think-aloud protocol method in which the above two types are used together. For the
concurrent think-aloud protocol method, participants speak in real time while operating
the system, and it is the most commonly used protocol type for usability testing [6].

In addition to these three types of think-aloud protocol methods, new usability evalua-
tion methods have also been proposed, such as a method that measures eye gaze in parallel
with verbal responses and analyzes it together with the user’s eye gaze information [13,14].

Boren and Ramey [15] pointed out that there was a difference between the original
purpose of the think-aloud protocol and its use for usability testing. The original purpose
of the think-aloud protocol was to study natural human cognitive processes. Therefore,
participant interventions during the experiment should be avoided as much as possible
since they could alter the participants’ thought processes [10,16]. However, usability testing
aims to obtain the user’s thoughts and also to discover usability problems. For this purpose,
it is necessary to have the user speak as much as possible without silence. During usability
testing, this is usually handled by asking the user to speak after a certain period of silence
or by practicing speaking before starting the experiment. When intervening with the
participants during the experiment, the experimenter’s opinion should not be expressed.
Instead, a neutral voice should be used.

There are some challenges in using the think-aloud protocol for usability testing. One
challenge is that the participants are required to speak during the operation, which is not
a usual behavior. Some participants are not good at verbalizing their thoughts, and the
complexity and duration of the task may affect the content and quantity of their verbal
responses. The second challenge is that the analysis is time-consuming and requires a
certain level of skill. In most cases, the think-aloud protocol is analyzed by reviewing the
audio and video recordings of the experiment and transcribing the verbal data. According
to a survey by Fan et al. [7], many experts felt that this series of work was complicated. In
addition, there was no straightforward procedure for extracting usability problems through
analysis; therefore, experts had to devise their own way of organizing verbal data and
observation notes, which required their skills and experience.

In order to make this analysis more accessible and more efficient, some proposals
have been made. For example, Cooke [17] analyzed what users verbalized during a think-
aloud session and classified the verbalizations into four categories (reading, procedure,
observation, and explanation). These categories could be used as templates for analysis.
Fan et al. [18] also studied a method to automatically detect usability problems from user’s
verbal responses and voice features by machine learning. Thus, when using think-aloud
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protocol methods, it is crucial to make the analysis more accessible and the implementation
more efficient.

In this study, the aim was to make the analysis easier and more efficient by specifying a
clear and formal analysis procedure for extracting usability problems using the think-aloud
protocol. A procedure that is clear is expected to be less dependent on experts’ skills and
experiences and to reduce the number of omissions.

2.2. Qualitative Data Analysis

In order to analyze and interpret qualitative data such as utterances obtained via the
think-aloud protocol method, the qualitative data analysis methods used in qualitative
research in the social sciences can be utilized. In qualitative research, the analysts often
deal with textual data such as narrative data obtained by the subject of analysis through
interviews and fieldwork (verbal data), and descriptive data obtained from literature,
documents, and questionnaire surveys. In qualitative research, the process of research
question formulation, selection of subjects and data collection, coding and categorization,
and theory building are often carried out. The first step in analyzing textual data is to
abstract and categorize the raw textual data obtained through coding. Then, through the
back and forth between the raw data (the original context) and the abstracted concepts, the
information is organized, and theories are constructed.

There are some analytical methods for conducting the qualitative research described
above as follows: the K] method [19], grounded theory approach [20], content analysis [21],
discourse analysis [22,23], and interpretative phenomenological analysis [24,25]. In us-
ability analysis, the K] method and grounded theory approach are often used [26-29].
However, when coding textual data, it is necessary to perform generative coding, where
the analyst examines the code while reading the text. Therefore, an analyst must examine
the codes him/herself. In addition, it is not easy to theorize based on these codes, and,
therefore, a skilled and experienced analyst is required. This method targets relatively
large data and requires a large number of samples or a long data acquisition period, as well
as significant training time for analysts. For these reasons, it is not necessarily suitable for
analyzing think-aloud protocols for a usability evaluation.

This study focused on step coding (SCAT) [30-33] to solve the above challenges. SCAT
is a method that does not adopt generative coding but uses the following four stages of
coding in order to make text data analysis relatively easy even for beginners in qualitative
research. In other words, by using SCAT’s coding method in utterance analysis for usability
evaluation it will be possible to analyze the data efficiently without hesitation in coding.

(1) Obtain the text data through interviews, questionnaires, or other surveys.
(2) Perform coding.

(2.1) Write down the words or phrases of interest in the text data.

(2.2) Paraphrase the words in the previous section with words that are not in the
original text data.

(2.3)  Fill in the concept, phrase, or sentence that explains the previous paragraph.

(24) Based on (2.1) to (2.3), enter the themes that represent them.

(2.5) Discuss. Write questions, issues, hypotheses to be considered.

(3) Create the storyline. After coding all the interview data, connect the themes entered
in (2.4) and write them as a sentence. It is a kind of text that summarizes the interview.

(4) Complete the theoretical description. Consider the storyline. Fill in predictions or
hypotheses that can be considered from the original text data through analysis. Write
specific things, not general things.

(5) Write questions and issues. Fill in the questions and issues that should be considered
further.

In this study, a coding method, similar to the second step of SCAT, is considered
to be helpful for the exploratory analysis of a small number of interviews, such as the
protocol analysis in usability evaluation. By applying step coding to the protocol analysis,
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it is possible to clarify the method from the acquisition of text data to the extraction of
problems and the construction of hypotheses. Therefore, in this study, a formulaic method
for usability evaluation is proposed that mainly uses protocol analysis and coding methods
in SCAT.

2.3. Perspectives on an Interpretation of Usability Problems

The purpose of the analysis method used in the qualitative research is to describe the
theory in the end. However, the purpose of the think-aloud protocol method in usability
evaluation is to extract usability problems, whereas the purpose of theory description and
system problem extraction is different. In other words, it is not necessarily desirable to
apply the same method directly. Usability problems can be patterned to some extent, as
shown in various design principles and guidelines. In fact, in usability expert reviews, it is
possible to conduct usability evaluations efficiently and without omissions by following
typical usability problems, as typified by heuristic evaluations.

Although there are many types of design guidelines [34—44], this study focused on
the 70 design items proposed by Yamaoka [34] to analyze and interpret the utterances
obtained in usability tests. The 70 design items are items that exhaustively describe what
is necessary for designing a product or system. It consists of the following eight items
and their sub-items. Looking at these items, we can see that they include items related to
user requirements in many aspects, not only from the visibility and understandability of
user interfaces. In addition, it is recommended that novice and inexperienced designers
and engineers refer to these items during design and evaluation. Yamaoka [45,46] stated
that even novice and inexperienced designers and engineers could design and evaluate
products or systems by referring to the 70 design items. These points were considered to
be in line with the policy of the text analysis method aimed at in this study.

70 design items:

User interface design items (29 items).

Kansei design items (9 items).

Universal design items (9 items).

Product liability design items (6 items).

Robust design items (5 items).

Maintenance design items (2 items).

Ecological design items (5 items).

Others (human-machine interface design items) (5 items).

P NG LN

3. Proposed Method: Usability Textual Data Analysis (UTA)

This study proposes usability textual data analysis (UTA) to extract usability problems
by analyzing utterances obtained through usability tests based on a formal and unam-
biguous procedure. The formal and unambiguous analysis procedure can contribute to a
usability evaluation with less confusion for the analyst and less omission of usability prob-
lems. The analysis procedure of UTA was inspired by the concept and coding procedure of
SCAT and modified to fit the analysis purpose of extracting usability problems. Specifically,
it is proposed to use the coding procedure in step (2) of SCAT and 70 design items [34] to
extract usability problems from textual data obtained using the think-aloud protocol. SCAT
is in line with the objectives of this study because of its formulaic and explicit analysis
procedures and its applicability to small-scale data.

In the proposed method, the analysts proceed according to the format shown in
Table 1. The analysis is performed for each task of each participant in the usability test. It
can also be analyzed by summarizing the verbal responses of each participant.
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Table 1. Format of the UTA.

Task Original Text (1) Extraction (2) Paraphrase  (3) Interpretation Using (4) Extraction (5) Description
Data of Keywords of Keywords 70 Design Items of Problems of Other Items
1
2
3

First, an analyst transcribes the verbal data obtained from the user test and fills in the
“speech” column of the format. Then, the analyst codes the data according to the steps
described below and extract the problems. The overall flow and steps (1) and (2) are based
on the SCAT method, and steps (3) and (4) incorporate a method for extracting usability
problems using 70 design items.

The coding procedure is as follows:

(1) Extraction of keywords

Keywords and phrasing should be described from the written text data. The keywords
should be selected from the original text data to focus on considering usability problems
and user requirements.

(2) Paraphrase of keywords

The words extracted in step (1) are paraphrased using specific and exact words. In this
case, the words should be expressed using words other than those found in the text data.

(3) Interpretation using 70 design items

The concepts, phrases, and character strings that explain the previous section (key-
words paraphrased with words outside the verbal data) are described. In this case, the
70 design items [34] are used to explain the previous section (keywords paraphrased with
words outside of the verbal data).

In the proposed method, 70 design items are used as a framework to explain the previ-
ous section. Since the 70 design items comprise a comprehensive list of items that should be
considered when designing a product or system, the analyst can paraphrase the previous
section without omission when targeting usability problems and user requirements. By
applying the 70 design items, the analyst does not have to think about paraphrasing each
item but can select appropriate items, which is efficient and reduces omissions. In addition,
even novice designers can examine the 70 design items by referring to them.

(4) Extraction of problems based on the 70 design items

Usability problems and user requirements are extracted based on the items that have
been filled in so far and the original text data. Specific problem areas and situations are
identified from the original text data, and the items entered in steps (1) and (2) and problem
types are identified from the 70 design items entered in step (3). The usability problems
and user requirements of the target product based on the 70 design items are extracted.

(5) Description of other items

Any questions, issues, or hypotheses that should be considered during the user testing
or analysis are described.

4. Usability Evaluation by the UTA
4.1. Purpose

A usability test was conducted to show an example of the usability problems extracted
by the proposed method and to examine the possibility of using the proposed method. The
usability test was conducted on an in-vehicle audio system, the usability problems were
extracted, and improvements were examined.
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4.2. Method
4.2.1. Participants

The participants were six undergraduate students (average age of 21.0 years, SD = 1.1).
All the participants had 20/20 vision either naturally or with vision correction. All the
participants provided informed consent after receiving a brief explanation of the aim and
content of the experiment.

4.2.2. Apparatus

In this study, the user interface was an in-vehicle audio system of the Mazda Demio
shown in Figure 1, which was used to conduct a usability test using the proposed method.
The participants operated the audio system from the front passenger seat and filmed the
operation with a video camera installed in the rear seat.
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Figure 1. The user interface of the evaluated in-vehicle audio system.

4.2.3. Tasks

Five tasks were presented to the participants in the experiment. The five tasks con-
sisted of basic operations of an audio system. The participants were required to verbally
express their thoughts during the operations. Before starting the experiment, the par-
ticipants practiced verbally expressing their thoughts while solving the puzzle ring to
become familiar with their verbal responses during the operation. During the experiment,
the experimenter’s intervention was kept to a minimum. When the participants were
silent for a certain period, the experimenter encouraged them to think aloud. When the
participants asked questions, the experimenter did not express an opinion but only gave
neutral instructions. The five tasks presented to the participants were the following;:

Task 1 Play the ninth song on the CD.

Task 2 Set the volume to 4 and listen to the fourth song repeatedly.

Task 3 Switch to a different CD and play the tracks in random order.

Task 4 Change the channel of the FM radio by automatic song selection.

Task 5 Tune in the AM radio by manual selection, listen to the radio, and turn off the power.

4.3. Results

First, the verbal responses of the participants obtained through the usability test were
recorded as written textual data. Then, the textual data were coded according to the
procedure of the proposed method. As part of the analysis procedure and the results, Task
1 for one of the participants is shown below as follows:

(1) Extraction of keywords

The following words and phrases were extracted as the focus of attention from the
speaking (the original textual data were in Japanese): “doesn’t go back”, “what’s this?”,
and “SEEK TRACK".
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(2) Paraphrasing of keywords
The words extracted in (1) were paraphrased as follows, referring to the original text
data and the context before and after the paraphrasing:

e  “Doesn’t go back” — failure in the selection of CD tracks.
e  “What's this?” — blind operation.
“SEEK TRACK” — confirmation of button name.

(3) Interpretation using 70 design items

The words paraphrased in (2) were interpreted from the viewpoint of 70 design items,
referring to the original text data and the context before and after the paraphrased words
as follows:

e  Failure in the selection of CD tracks — mismatch with user’s mental model, lack of
discrimination.
Blind operation — lack of operation cue.
Confirmation of button name — terms as operation cues.

(4) Extraction of problems based on 70 design items

The following usability problems in Task 1 were extracted from these step codings
and the original text data:

The method of the CD track selection does not match with users” mental model.

The CD selection button is not distinguishable from similar buttons, making it chal-
lenging to identify.

There are few clues for CD selection operation, and users become confused.

The English words “SEEK TRACK” can be a clue for operation, but it is not clearly
understood by Japanese users and is not an appropriate term for Japanese users.

(5) Description of other items

Through the step coding, the analyst wondered whether Japanese users could under-
stand the meaning of “repeat” in the text “RPT”.

This procedure was followed for each of the six participants. As a result, a total of 29
usability problems were extracted. The extracted problems can be roughly classified into
four categories. The following is a list of the four categories and the significant problems in
each category:

(1) Problems related to terminology (nine problems)

Terms are difficult to understand.
Explanation and display are difficult to understand.

Example: The term “TRACK” is difficult to understand and is not highlighted prominently.
(2) Problems related to obtaining information (13 problems)

There are few clues for operation.
Lack of distinguishing features.

Example: There are not enough cues and identifiers for the power button.
(3) Problems related to the user’s mental model (three problems)
e  Mismatch between the user’s mental model and the system.
Example: The user does not have a mental model of “pressing” the volume button.
(4) Problems related to the understanding of button functions (four problems)
e  There is a lack of explanation, display, and feedback about the button functions.

Example: The user cannot understand the button function of the traffic information
button with only an icon.
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5. Discussion

The proposed method was applied to a case study of usability evaluation, and we
confirmed that the method could extract the target system’s problems and could propose
improvements. By using step coding and 70 design items, the process of extracting usability
problems from textual data was explicit, and the problems were extracted analytically. In
other words, the proposed method was less ambiguous. By incorporating 70 design items
into the interpretation of the problem points, the usability evaluation was performed from
various viewpoints. In addition, since the items were exhaustive and designed to be used
by novice designers, they could be easily linked to specific problems.

However, the extraction of keywords to be focused on from the textual data depended
on the experience of each analyst. In order to solve this problem, the use of keyword
extraction algorithms should be considered. In addition, with the development of deep
learning and other technologies, methods to automatically export text from verbal data
have been proposed. For example, Fan et al. [18] have worked on the extraction of words
and phrases to be focused on from textual data. In the future, it would be possible to
improve the efficiency of this method by using it together with automated tools for text
export and keyword extraction. In addition, the proposed method should be evaluated by
using it in many practical situations. In such practical situations, it is necessary to verify the
effectiveness of the proposed method and to improve it by comparing it with conventional
methods and by listening to the opinions of practical experts. The author himself analyzed
the proposed method in Chapter 3 and found it could be carried out smoothly based on
the proposed procedure. However, this study has also mentioned the possibility of using
non-experts as one advantage and usage of the proposed method. In this regard, the fact
that the procedures are specified does not leave much room for the analyst to think on his
or her own, so non-experts can use it. However, since 70 design items are many, it might be
difficult for a non-expert to analyze them. The ease of use of the proposed method needs to
be examined through actual use by non-experts. In addition, the number of items in the
70 design items could be narrowed down according to the analysis target.
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