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Abstract. This paper presents and evaluates a new survey metric, the
active Reading Support indeX (aRSX), which was created to help re-
searchers and designers evaluate whether a specific software or hardware
tool supports active reading of academic texts. The aRSX is comprised
of questions in five categories: The Text, Cognitive Workload, Physi-
cal Workload, Perceived Learning, User Experience and Aesthetics, and
Flow, as well as an open-ended question for additional comments. In this
paper, we present our initial development of two beta-versions of the
questionnaire in two studies of n = 100 and n = 53 deployments, evalu-
ating paper, laptops, iPads, and reMarkable tablets as reading support
tools. These studies led to the current version of the aRSX, and the ini-
tial results suggest that the metric is a reliable and valid indicator of a
tool’s ability to support reading of academic texts.

Keywords: Reading Support Tools · Digital reading · Evaluation met-
rics · User experience design · User experience methodology

1 Introduction

Reading academic literature with digital tools is becoming more and more of a
normalcy for students, yet the diversity of digital reading support tools is sur-
prisingly low [32, 24]. Digital textbooks or research papers are rarely designed to
look different from their physical instances, and they often distributed as PDFs,
a format which was developed primarily for printing, and which has the purpose
of making a document look stable on all devices and in all printing conditions –
not for accommodating different reading platforms or preferences. The hardware
used to consume digital texts is largely confined to personal laptops and, less
often, tablets [24, 32, 35]. As Pearson, Buchanan and Thimbleby claimed in their
work on developing lightweight interaction tools, existing digital document for-
mats are “far from ideal”, and both the software and hardware used for reading
often supports casual reading much better than attentive, close interpretation of
the text [32].

From an educational perspective, this is at best an under-utilization of the
great potential of digital tools that we could take advantage of. At worst, this may
be a causal factor of a declining trajectory in reading abilities and motivation of
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students from elementary school through college [15, 40, 30]. In one meta-study
of research on digital versus physical reading, Delgado and colleagues [8] found
that students seem to have become worse at reading in digital formats, and
suggested that one of the causal factors may be the shallowing hypothesis, a
rationale that states that because the use of most digital media consists of quick
interactions driven by immediate rewards (e.g. number of “likes” of a post),
readers using digital devices may find it difficult to engage in challenging tasks,
such as reading complex text, which requires sustained attention [2, 8].

One promising avenue for supporting better digital reading is to study the
particularities of the user experience design (UX) of digital tools (both hardware
and software) – exploring the way these tools afford and support what is neces-
sary for students to engage in active reading [1, 32, 29]. The interaction design of
digital tools is particularly interesting to explore, because out of the factors iden-
tified as central for reading experience and reading preferences when choosing
between analog and digital formats (for instance; ability to concentrate, ability
to remember what was read, convenience and expenses, and technological limi-
tations/possibilities [29]), interaction design (both possibilities and affordances
of the technological environment) is the main factor that researchers in reading
support software have a an essential opportunity to improve [32].

With this paper, we suggest that rather than looking at differences between
physical and digital platforms in a broad sense, we should investigate the user
experience of different tools in more detail. A tablet is not just a tablet and a
computer is not only a computer, just as a book is not the same as a loose sheet
of paper, and a highlight pen is not the same as a blunt pencil. Different digital
document readers can be used on the same tablet or computer, rendering broad
comparisons between “digital” and “physical” somewhat meaningless. Rather, we
should try to evaluate which interface features and interaction formats work well
for different users and their learning preferences.

This paper presents a novel evaluation metric for reading support tools. We
present the beta versions of the active Reading Support indeX, aRSX, a first
step towards a standardized evaluation scheme that can be used by researchers
and developers to, relatively quickly, identify how a reading tool supports user
experience and learning preferences when reading academic texts. In addition,
such an evaluation tool can be used to indicate “robust moderating factors” that
influence reading performance in different media [8].

In the paper, we evaluate two beta versions of the aRSX and present the
current version of the questionnaire. Although the form is in continuous devel-
opment, we find it useful to share our early experiences with utilizing such a sur-
vey metric. This paper explores the question: How might we evaluate academic
reading support tools with a focus on user experience?, and provides initial find-
ings that the aRSX can give reliable, robust evaluations of the user experience
of different digital reading support tools.
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2 Background and related work

Surveys of attitudes and preferences continue to conclude that college students
slightly prefer physical formats for focused academic reading, generally stating
they feel like paper-based reading let them concentrate and remember better
[25, 29]. Research in Human-Computer Interaction (HCI) has suggested that
especially annotation and note-taking on a computer are activities that compete
with the reading itself, due to the lack of direct manipulation [19]. The cognitive
workload required to interact with digital devices may be higher than that of
interaction with physical media, and annotating introduces another cognitive
workload [33, 32]. Indeed, studies have indicated that the simplest textual and
interactive environment is associated with the highest comprehension outcomes
and better user experience [3, 33, 10].

It is a noteworthy challenge for the development of good reading support
software and hardware that few existing studies of digital reading specify the
reading environment provided to participants, and even fewer evaluate its inter-
action design in detail. This means that it is difficult to identify the UX designs
that influence the reading experience and performance in a positive way; and
thus, difficult to improve the design of novel digital tools for academic reading
in a rigorous, systematic manner [18].

2.1 Reading Support Tools

A reading support tool can be defined as any tool that can be used by people to
read or support the reading of documents that primarily consist of written text.
A reading support tool can can be analog or digital, and it can be software or
hardware. Hardware platforms, of course, need software to display a text.

Digital reading software – programs for displaying ePub and PDF formats –
is often not recognized as a specialized tool, because it mainly displays content,
rather than support the reader actively. With the advent and spread of literature
in digital formats, however, active reading support tools are in great demand [32].
Reading on an iPad with GoodReader may yield different reading performance
and user experience than using Adobe Acrobat Reader on a Samsung Galaxy
Tab, even though these could both be categorized as reading on ‘tablets’. There
is a difference in evaluating the iPad versus the Samsung Galaxy, or evaluating
GoodReader versus Adobe Acrobat. Providing clarity and distinctions between
these tools is necessary for research to be comparable and findings to be widely
applicable.

2.2 User experience of reading tools

There are numerous ways of evaluating usability of products and tools (such as
walkthroughs, think-aloud tests, contextual inquiry, etc.), but a tool’s ability to
support reading of academic texts is more complex than its usability. The UX
goals of reading tools are not efficiency or performance metrics, but rather, that
the user feels cognitively enabled to focus on a text content for as little or as
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much time as necessary [32], that the user feels enabled to process the text in
any way they might need, as well as whether the tool is a good “fit” for the
student’s preferences and reading context.

User experience as a research agenda is concerned with studying the expe-
rience and use of technology in context. The UX of a product is considered a
consequence of

“a user’s internal state (predispositions, expectations, needs, motiva-
tion, mood, etc.), the characteristics of the designed system (e.g.
complexity, purpose, usability, functionality, etc.) and the context (or
the environment) within which the interaction occurs (e.g. organisa-
tional/social setting, meaningfulness of the activity, voluntariness of use,
etc.)” [14], our emphases.

Models of UX usually separate a product’s pragmatic from its hedonic qualities,
where pragmatic attributes advance the user toward a specific goal and depend
on whether the user sees a product as simple, predictable, and practical. Hedonic
attributes, on the other hand, are related to whether users identify with a product
or find it appealing or exhilarating [16]. Pragmatic attributes are often found to
exert a stronger influence on the evaluation of a product than hedonic attributes.

Although text is presented linearly, learning by reading is not a linear process.
Reading, and particularly academic reading, is open-ended. An academic reader
depends on constant self-evaluation of whether the material is understood and
internalized or not, rather than defined and well-known external objectives.

Generally, metric-based research investigating students’ opinions and expe-
riences of reading tools has consistently found positive correlation between in-
teraction design and reading performance [11, 21, 10, 22, 43], and between user
attitudes and learning outcomes [20, 36, 41]. However, few studies investigate
which features in particular foster a good learning experience, although with
some exceptions, e.g. [32, 3, 5, 33].

One survey identified some of the most important themes for academic stu-
dents when choosing between digital and paper as the following: Flexibility,
ability to concentrate, ability to remember what was read, organizing, approach-
ability and volume of the material, expenses, making notes, scribbling and high-
lighting, and technological advancement [29]. Out of these, the flexibility of the
reading support tool, the approachability of the content, the affordances of an-
notation, and the technological advancement are factors which are (to at least
some degree) influenced by the design of the reading support tool.

2.3 Questionnaire-based UX evaluation

While qualitative research such as detailed interviews and observations are tradi-
tional methods for conducting UX evaluations, these methods are time-consuming
and not easy to implement on a large scale. The goal of the aRSX is develop a
quantitative, questionnaire-based evaluation with a foundation in UX research.
Quantitative questionnaires are non-costly and time-efficient to execute, and
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they have been used for decades as a valuable indicator of tool specifications
and requirements [13, 12, 27]. They also have the advantage that most HCI re-
searchers and designers are already familiar with the format and the reporting
of its results.

The NASA Task Load indeX (TLX) [13] has been used for over 30 years as an
evaluation method to obtain workload estimates from ‘one or more operators’,
either while they perform a task or immediately afterwards. The TLX consists
of six subscales: Mental, Physical, and Temporal Demands, Frustration, Effort,
and Performance. All questions are on a 21-point scale of “Very Low” to “Very
High.” The assumption is that a combination of these dimensions represents the
workload experienced by most people performing most tasks. Each subscale is
furthermore “weighted” by the individual performing the task, so that the final
score is given based on how important each subscale is to the individual. The
NASA TLX has been translated into more than a dozen languages, and modified
in a variety of ways [12]. It is being used as a benchmark of evaluation, and has
proved its value in a wide range of fields from nuclear power plant control rooms
to website design.

Other fields have had great success appropriating the TLX to evaluate task-
specific tools, for instance creativity support [4, 6]. The Creativity Support Index
(CSI) is based on the NASA TLX, and is a psychometric survey designed to as-
sess the ability of a digital creativity support tool to support the creative process
of its users. Its structure is very similar to the NASA Task Load Index, but its
theoretical foundation is based on concepts from creativity and cognition sup-
port tools, such as creative exploration, theories of play, Csiksentmihalyi’s theory
of flow, and design principles for creativity support tools. The CSI includes six
subscales or “factors”: Collaboration, Enjoyment, Exploration, Expressiveness,
Immersion, and Results Worth Effort.

While both the TLX and the CSI are incredibly valuable tools, the surveys
do not address the particularity of learning from reading. Inspired by the CSI,
we decided to create an evaluation form tailored to uncover the ability of a tool
to support textual knowledge acquisition based on theory of learning and UX
research.

3 Methodology

3.1 Criteria for a usable evaluation form

In order to evaluate the usefulness of the aRSX, we specified the following criteria
as ideals for the questionnaire:
1) Theoretical foundation: The evaluation should be grounded in prior research
on reading, learning, and user experience design.
2) Operationlizability : The evaluation should be operational and useful for re-
searchers and designers developing and evaluating reading support tools. It
should be clear and usable for both participants and those who administer the
evaluation.
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3) Generalizability : The evaluation must enable researchers to analyze different
kinds of reading support tools with different types of populations in different
types of settings.
4) Validity : The survey should accurately measure the factors that it intends to
measure.
5) Reliability : The survey should produce reliable results, aiming for a Cronbach’s
alpha above .70.
6) Empirical grounding : The framework must be thoroughly tested in practice.
In the study presented in this paper, we focused especially on developing the
theoretical foundation, validity, reliability, and empirical grounding. The opera-
tionalizability and generalizability are somewhat inherent in the original NASA
TLX survey, and we borrow some credibility from this thoroughly tested metric.

Further theoretical and empirical grounding must be developed through ap-
plying and evolving the evaluation form in different studies and communities.
Through this paper we share the aRSX with other researchers and invite them
to use, evaluate, and modify the evaluation form.

3.2 Experimental setups

The first beta-version of the aRSX was created and tested in Study 1: Laptop
and paper reading. The findings from this study led to the second beta-version,
which was much longer than the first. It is common practice in psychometrics
to create longer, temporary versions of a survey when developing a new metric.
This allowed us to conduct an exploratory factor analyses of the responses, in the
interest of identifying the items or questions that performed the best. The second
beta-version was tested in Study 2: iPad and reMarkable reading. Following this
section, we will describe the studies and findings chronologically.

Both studies were designed as controlled within-group studies, where we in-
vited a group of students to read half a text on one medium, asked them to
evaluate it, then switched to a different medium for the second half of the text,
and asked the participants to evaluate the second medium. That means that
77 students filled out a total of 153 evaluations (one student only completed
a reading in one medium), 100 of the first beta-version, and 53 of the second
beta-version. The within-group comparison of two reading tools per participant
allowed us to explore the aRSX with four different media, as well as to conduct
four different reliability analyses of Cronbach’s alpha (one per reading tool).
Although thorough development of psychometric evaluation forms require hun-
dreds and sometimes thousands of participant numbers for statistically sound
analyses to be conducted, we find it valuable to share our initial findings at an
early state of development, both to document the development process of the
aRSX openly, as well as to share the beta-versions of the questionnaire with the
research community for feedback and comments.

The beta-versions of the aRSX were designed as “Raw TLX”, eliminating
the part of the original TLX which is concerned with pairwise ranking of the
subscales to reflect personal importance attributed to each subscale or factor.
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The raw-TLX approach is simpler to employ, and does not appear to yield less
useful results [12], but more importantly, we wished to thoroughly develop and
evaluate subscales to explore which questions and factors carried higher loading.
When the question wordings and factors are more resolved, it may make sense
to add a pairwise factor rating to the survey, as in the TLX and the CSI [13, 6].
Consequently, no cumulative or final score for each tool was calculated for the
beta versions of the aRSX, as the final score is traditionally dependent on each
participant’s ranking of the different factors.

4 Study 1: Laptop and paper reading

4.1 First beta-version subscales: Cognitive Workload, Physical
Workload, Perceived Learning, User Experience and Aesthetics,
and Flow

The first beta-version of the aRSX is shown in figure 1. It had 10 basic questions.

Fig. 1. The first beta-version of the aRSX, from [17].

Cognitive and Physical Workload. The first three questions were copied from the
TLX-questions concerning mental and physical demand. In the first beta-version,
the cognitive and physical workload were collected under one subscale, as we did
not anticipate the physical workload to play a significant role to the evaluation,
other than as a potentially distracting factor to the cognitive workload.
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One of the most basic issues in the study of cognitive workload is the problem
of how to actually measure it, but since we are concerned with the user experience
of cognitive workload, it is appropriate to let the user self-evaluate this aspect.
The cognitive attention required to read and annotate on paper is minimal for
most people, which often means that people can do it without thinking [34].
One of the main goals of a reading support tool is to minimize the cognitive
effort required of the reader to interact with the tool itself, so they can focus
completely on the content [32, 9].

Perceived learning. The questionnaire should evaluate whether the tool allows
for learning from reading the text. This aspect is an evaluation of the tool’s
pragmatic qualities, i.e. whether it advances a user toward their specific goal [16].
An academic reader depends on constant self-evaluation of whether the material
is understood and internalized or not [42, 7]. Self-evaluation is often used in
learning research, and has been proven reliable [35, 28]. The fourth question of
the survey simply asked the reader whether they believed they learned from the
reading.

User experience and aesthetics. As described in section 2.2, good user experi-
ence and interaction design have a positive correlation with learning outcomes.
Although we expected readers to have higher pragmatic expectations of reading
support tools than hedonic expectations, user enjoyment and aesthetics of the
reading tool are extremely important to the overall user experience and tech-
nology adaptation [16, 29]. The fifth and seventh question asked whether the
reader enjoyed using the tool and whether the tool was pleasant to look at.
Since the questionnaire was designed for evaluating active reading [1], it should
evaluate how the tool supports annotation of the text. When engrossed in aca-
demic reading, many users will accompany reading with annotating; for example,
highlighting, commenting and underlining. Annotations can be considered a by-
product of the active reading process, and they should be supported by digital
reading tools [31]. Therefore, the sixth question asked whether the tool allowed
annotation in a form that was helpful to the user.

Flow. According to Csikszentmihalyi’s concept of flow in a learning context,
student engagement is a consequence of simultaneous occurence of concentration,
enjoyment, and interest - of high challenge in combination with high skill [38].
While theory of learning is often concerned with the content of a given text,
the aRSX focuses on the capacity of the tool to allow the reader to process and
engage with the text. The experience of flow can happen to individuals who are
deeply engrossed in activity which is intrinsically enjoyable, and the activity is
perceived as worth doing for its one sake, even if no further goal is achieved [26].
The experience of flow while reading academic texts can occur as the result of a
well-written, interesting or challenging text, but it can be enhanced or disrupted
by contextual factors such as the tool used to consume the text [39, 32]. Question
eight and nine of the aRSX addressed whether the tool fosters immersion while
reading, and whether the tool would fit into the reader’s regular practices.
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Finally, the questionnaire finished with an open-ended question, so we could
learn about other factors that may have been relevant to the reader during the
first evaluation of the questionnaire.

4.2 Participants and execution

Subjects and treatments 50 students from the IT University of Copenhagen,
Denmark, were recruited during fall 2019. The test setup was a controlled, within-
group setup, where each student was subjected to both treatments; a paper
reading treatment, and a digital reading treatment. The study is described in
further detail in Inie and Barkhuus [17].

In the paper reading treatment, students were provided with the text on
printed A4 paper, two highlighter pens, one pencil, one ball pen, and sticky
notes.

In the digital reading treatment, students were provided with the text on
a laptop. The text was a PDF file and formatted exactly as the paper reading
for comparability. The text was provided in the software Lix, a reading support
software for PDF readings.

After reading the first half of the text, each student filled out the aRSX
survey on paper for that treatment. They then read the other half of the text in
the opposite medium, and filled out the aRSX on paper for that medium. 26 of
the students read the first half of the text on paper and the second half of the
text on computer (condition A) and 24 students read the first half of the text on
computer and the second half of the text on paper (condition B)1. The students
in condition A and B were not in the same room. They were not informed about
the focus on the evaluation form. The students were instructed to read the text
“as if you were preparing for class or exam, making sure to understand the major
points of the text”.

4.3 Findings from Study 1

The experiment was run as an explorative experiment, where we were interested
in discovering if the evaluation was generally meaningful for participants, and
whether it yielded significant and useful results. The first type of data we gath-
ered was experimental observations, primarily questions from participants
about the wording of the survey or how to complete it. Those data did not need
thorough analysis, as the questions we received were quite straightforward.

The second type of data from the study were the quantitative results
of the evaluations. We performed Cronbach’s alpha tests on the responses for
reliability.

The third type of data was the qualitative responses to the final open-
ended question. The question was optional, and we received 25 comments re-
garding the paper reading and 37 comments regarding the digital reading. The
1 This slight unevenness in distribution of condition A and B was due to student

availability at the time of the experiment.
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length of the comments varied from one to eight sentences. We clustered the
comments into themes according to their relevance to the questionnaire, rather
than their distinct evaluation of the tool.

Experimental observations

Finding 1: “Annotating” is not an obvious concept. Several participants asked
what was meant by ‘annotating’ in question 6: “The system or tool allowed me to
annotate the text in a way that was helpful to me”. This could be exacerbated
by the fact that only few of the students were native English speakers, and
the survey was conducted in English. In addition, we observed this theme in the
open-ended survey responses (9 out of 37 participants commented on highlighting
features), e.g.: “It is very easy to highlight, but a little more confusing to make
comments to the text” (Participant 190802, digital reading). According to reading
research, annotating a text consists of, for instance, highlighting, underlining,
doodling, scribbling, and creating marginalia and notes [23, 32]. Construction
of knowledge and meaning during reading happens through activities such as
these, making the possibility of annotation extremely important when supporting
active reading. The question of annotation should be clarified.

Finding 2: “Interface” is a concept that works best for evaluation of digital tools.
The word ’interface’ in question 7: “The interface of the tool was pleasant to look
at” prompted some questions in the paper treatment. An interface seems to be
interpreted as a feature of a digital product, and this was not a useful term when
evaluating an analog medium. In the interest of allowing the aRSX to be used
in the evaluation of both digital and analog tools, this question should designate
a more general description of the aesthetics of the tool.

Quantitative results

Finding 3: The survey appears to be internally reliable. We performed an ANOVA
two-factor analysis without replication, and calculated a Cronbach’s alpha of
.732 for paper, and .851 for laptop, which indicates satisfying reliability. Ques-
tion one, two and three (pertaining to cognitive workload) ask the user to rate
their mental and physical strain or challenge from 1 (Very low) to 7 (Very high).
In these questions a high score corresponds to a negative experience, and the
scores therefore had to be reversed to calculate sum score and Cronbach’s alpha.
Further tests are needed to investigate whether positively/negatively worded
statements produce different results.

Finding 4: “Physical demand” should be specified. The average scores for question
two (physical demand) were very low for both paper and laptop. The question
is copied directly from the NASA TLX, and was deemed relevant because eye
strain from digital reading has often been mentioned as a negative factor of
screen reading in previous research (e.g. [37]). ’Physical demand’, however, may
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be associated with hard, physical labor, and should be specified further to gain
useful knowledge from the score. This was exacerbated by some of the comments
from the open-ended question: “I think it would be better to do the test on my
own computer. The computer was noisy and the screen was small” (Participant
190211, digital reading), and “Reading on a pc is not pleasant when the paper is
white. Use some sort of solarized” (Participant 170303, digital reading). These
comments demonstrate that types of experienced physical strain can very a lot,
and the question of physical demand does not, in itself, yield useful insights.

Qualitative responses The open-ended question responses generally showed
that participants were aware of the evaluation setup, and that they were focused
on evaluating the usability and experience of the software tool. The responses
also showed that many of the students were willing to reflect on and compare
the different tools in a meaningful way during the same setup or session. The re-
sponses were extremely valuable in elaborating the measured experience reflected
in the quantitative measures, and we would recommend to keep this question in
future iterations of the survey.

Finding 5: The content may influence the evaluation of the tool. A theme in
the comments which was not addressed by the questions in the aRSX was the
content of the specific text which was read. Nine participants commented on
the text e.g.: “Really interesting text”. (Participant 170001, digital reading) and
“The text was more of a refresher than new learning” (Participant 150302, paper
reading). Although it seemed from the comments like the students were able to
distinguish the text from the tool, and some of these effect would be mitigated
by the fact that the students read from the same text in both treatments, we
believe it to be a relevant observation that the text which is being read may
influence the experience of using a tool. Furthermore, the type of text may also
require different tools for annotating, cf. “When I tried to highlight mathematical
formulas it would sometimes try to highlight additional text that I couldn’t remove
from the little highlight box”. (Participant 180403, digital reading).

5 Study 2: iPad and reMarkable reading

5.1 Second beta-version subscales: The Text, Cognitive Workload,
and Physical Workload

The second beta-version of the aRSX is shown in Figure 2. Based on the findings
of Study 1, we rephrased some of the questions of the aRSX, as well as added
several questions. For this beta-verison, we wanted to conduct a factor analysis
to determine optimal statement wording, and we therefore split many of the
questions into several options.

We added an initial question pertaining the general difficulty level the text
response to Finding 5: ’The difficulty of the text may influence the evaluation of
the tool’. If participants experience the text as very difficult, this may impact
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Fig. 2. The second beta-version of the aRSX.



Developing the aRSX Questionnaire 13

their perception of the tool. While the aRSX is not designed to evaluate the
quality of the text, this question acknowledges that there is an difference between
evaluating a text as difficult, and experiencing difficulty reading it.

Cognitive and Physical Workload was split into two subscales, and we added
an open question to understand the Physical Workload further: “If you expe-
rienced physical strain, describe which kind”. This was added in response to
Finding 4: ’“Physical demand” should be specified’.

Furthermore, we split the question about annotations into two questions,
one about the tool’s ability to support highlights and one about the support
of creating notes cf. Finding 1: ’“Annotating” is not an obvious concept’. We
recognize that not all students may need to highlight or annotate the texts they
read, in which case we anticipated the scores would be neutral.

Finally, the word “interface” was removed from the questionnaire in the inter-
est of making it usable for evaluation of analog tools as well as digital, cf. Finding
2: ’“Interface” is a concept that works best for evaluation of digital tools’.

In the second beta-version, we primarily focused on analyzing quantitative
data from the responses. The qualitative responses to the open-ended questions
fell in two categories; they elaborated either a participant’s individual state, i.e.
“I felt very tired due to lack of sleep”, or the answers to the evaluation, i.e. “I
normally don’t highlight, so that was not relevant to me”. The answers indicated
that the task of assessing the tool’s reading support ability was straightforward
to understand to the participants.

5.2 Participants and execution

Subjects and treatments 27 students at the IT University of Copenhagen,
Denmark, were recruited to participate in the second study. It took place in fall
2021. Like Study 1, the setup for Study 2 was a controlled, within-group setup,
where each student were subjected to both treatments; an iPad reading treat-
ment, and a reMarkable2 reading treatment. In the iPad reading treatment,
students were provided with the text in PDF Expert, as well as an Apple pencil
for annotations. In the reMarkable reading treatment, students were provided
with the text in reMarkable’s own PDF reading software and the reMarkable
pen. The text was a PDF file and separated into two halves. After reading the
first half of the text, each student filled out the aRSX survey on paper for that
treatment. They then read the other half of the text in the opposite medium,
and filled out the aRSX on paper for that medium. 16 students read on the
iPad first and the reMarkable second, and 11 students read on the reMarkable
first, and the iPad second. The students were not informed about the focus on
the evaluation form, but were told to evaluate the tool they were using. The
students were instructed to read the text “as if you were preparing for class or
exam, making sure to understand the major points of the text”.

2 https://remarkable.com/
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5.3 Findings from Study 2

The focus on Study 2 was to investigate optimal wording for the individual ques-
tions. We opted to identify two to three items per subscale, so that each subscale
or factor can be tested for reliability in future deployments. This beta-version of
the aRSX contained 26 individual items, clustered around very similar questions
to those in the first beta-version (although the questions were shuffled around
randomly in the actual deployment, rather than organized in their respective sub-
scales), as well as an open-ended question at the end. The open-ended question
was rephrased in this version to an imperative “Write your additional comments
...”, and this wording yielded much more detailed qualitative responses to the
evaluations. 20 out of 26 (one student only read in on the reMarkable, and not
the iPad) participants wrote comments for this question for the iPad, and 23
out of 27 participants wrote comments for the reMarkable, all comments of at
least three sentences or more.

The overall averages of the evaluations are shown in Figure 3. We conducted
an exploratory factor analysis for the responses, and calculated Cronbach’s alpha
for the responses for iPad versus reMarkable, respectively. We also calculated
Cronbach’s alpha for each subscale.

Reliability The overall Cronbach’s alpha for the questionnaire was .919 for the
iPad evaluation, and .904 for the reMarkable evaluation, indicating an extremely
high internal reliability. This is likely a consequence of the many questions, and
also indicates that we can safely remove some questions and likely still achieve
a high reliability.

Factor analysis As we were interested in the factor loadings for each question,
we present the rotated component matrix in Figure 4 (KMO .790, p < .001).
We can see that the questions cluster in 5 different components, which actually
almost match the number of subscales (6), and that they are somewhat matched
to their subscales: questions 7a, 7b, and 7c are all in cluster 1, question 1a, 1b,
1c, and 1d are all in cluster 2, and so forth.

With this analysis, we are interested in eliminating questions, so that we
identify the two items that are most likely to represent the underlying factor.
We see that question 7c and 2b load heavily (above .40) in more than one cluster,
so we would like to eliminate those. Both 5a, 5b, and 5c also load in two clusters,
but 5c loads lowest in both clusters, so we would also like to eliminate that. Using
this process – identifying the questions that load highest in one category alone,
we were left with questions 0, 1a, 1b, 2a, 3b, 3c, 5a, 5b, 6a, 6b, 7a, 7b, and the
two questions about interaction. The questions about the text (0) and about
flow are kept as they are, as they have not been divided into subquestions.

Post item-removal reliability After eliminating some questions, we re-calculated
the reliability for the whole questionnaire, as well as for each individual factor.
The results are shown in Table 1. We see that the survey is still highly internally
reliable, both in total, and on each subscale level.
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iPad reMarkable
The Text N/A N/A
Cognitive Workload .837 .872
Physical Workload N/A N/A
Perceived Learning .752 .670
UX & Aesthetics .905 .790
Flow .874 .874
Total .883 .861

Table 1. Cronbach’s alpha for the adjusted survey. The scales “The Text” and “Physical
Workload” are not calculated, as there is only one question in these categories.

6 Discussion and current version of the aRSX

The current version of the aRSX is shown in Figure 5. A main change is that
the subscale User Experience and Aesthetics has been split into two: Interaction
Design and Aesthetics, in an attempt to distinguish between pragmatic and
hedonic qualities of the reading support tool. The 16 questions are based on
findings from Study 1 and Study 2, and should provide a good basic evaluation
of a given reading support tool.

Overall, it was simple to use the aRSX as an evaluation method. We identified
some possibilities for improvement, which have been integrated into the current
iteration. In our studies, the aRSX was distributed on paper, which was simple in
terms of execution, and a little more cumbersome in terms of digitizing the data -
especially transcribing the open-ended question responses might be problematic
with large participant numbers. The survey may also be distributed digitally,
which we hypothesize could have a positive effect on the open-ended question
responses, both due to the possibility of making the question mandatory, and
because of the ease of writing comments on the computer versus in hand. In its
simple form, the survey should be straightforward to moderate for other studies.
The evaluation does thus fulfill the criterion of Operationalizability, as per section
3.1.

We believe the current iteration of the aRSX is well founded in theory, de-
scribed in the criterion theoretical foundation. Neither reading support nor user
experience design are new fields, and there is a solid foundation of knowledge on
which to build the selection of good evaluation questions. The novelty consists
primarily in developing a consistent, reflective practice around such evaluation,
so that both developers and researchers can best benefit from the work of col-
leagues and peers.

The aRSX is simple to deploy and analyze for any designer, developer or
researcher, and the current iteration should present a question wording which
is general enough to be applicable in a multitude of contexts. Building upon
findings from well-established frameworks, such as the NASA TLX and the CSI,
the current state of the survey is generalizable.
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In this paper we presented an initial analysis of the survey’s validity. We
recognize that further studies and higher participant numbers are necessary to
make rigorous claims about the survey’s validity.

The survey responses had high reliability scores, which satisfy the criterion
Reliability. All deployments of the survey had a general Cronbach’s alpha above
.70. This criterion will require more test-retest and split-half studies to confirm.

Finally, we have achieved better empirical grounding of the aRSX in con-
ducting the first two studies and evaluating their outcomes.

7 Conclusion

In this paper, we presented two beta-versions of the aRSX, a novel survey metric
designed to evaluate the ability of a tool to support active reading. We tested the
two beta versions in two different studies, one focused on defining the questions
to ask in such an evaluation, and one focused on defining the most salient factors
to evaluate. Future work will include further deployment of the current version
of the aRSX in different contexts and with different users. So far, the aRSX has
shown to provide meaningful data with a relatively small sample, and we believe
the iterations suggested in this paper will make it a stronger evaluation tool.

We believe that the aRSX is a very promising avenue for evaluating reading
support tools based on user experience, and we invite the research community
to apply and appropriate the survey.
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Fig. 3. Average scores for the iPad and the reMarkable.
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Fig. 4. Rotated component metrix showing factor loadings for all questions.
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Fig. 5. The current version of the aRSX.


