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Abstract

In prior research, reading behavior was predominantly measured using either a question-
naire, which is economical and easy to implement but imprecise, or paper-pencil diaries
that document reading behavior quite accurately, but which are time consuming and costly.
The present study aims to introduce and evaluate a precise and easy to implement mea-
sure of reading behavior, namely a reading diary app in which participants can record
their reading behavior on a smartphone. To evaluate the development procedure, the first
research question asked whether data gathered with the app is of high quality (e.g., reliabil-
ity). The second research question asked how reading time recorded via the app is related to
reading time assessed via different retrospective questionnaires. n = 31 German university
students recorded their reading activities for 14 days. Different approaches were applied
to estimate the data quality and reliability and yielded satisfactory results. Participants
reported more time spent reading daily on the retrospective questionnaire than when re-
cording their reading time using the app. The correlation between reading diary app data
and questionnaire data was medium in size. Our findings are discussed in the light of future
directions for reading research and the use of ambulatory assessments.
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Being able to effectively process written information is essential for cultural, social,
and economic participation in our society. Reading facilitates self-exploration and
self-enrichment. Therefore, reading competence is a central skill for today’s society
(e.g., Alexander, 2005; Artelt et al., 2001; Becker-Mrotzek et al., 2015; Marshall,
2000). The PIRLS 2021 study defines reading literacy as a functional construct
capturing readers’ ability to process written language in order to achieve personal
or socially defined goals. It includes reading to learn from texts, reading to par-
ticipate in society and reading for enjoyment (e.g., Mullis & Martin, 2019, see also
OECD, 2019, for the PISA framework). The reading literacy construct encompasses
both cognitive (knowledge and skills) and affective-motivational aspects of read-
ing.

Reading behavior, defined as the sum of all activities related to reading (i.e.,
time spent reading, amount of reading, or being read to aloud in early childhood),
is an important predictor of reading skill development. Many studies have provided
convincing evidence of the positive relation between reading skills and reading
behavior across the life course (e.g., Burgess, Hecht, & Lonigan, 2002; Bus, van
IJzendoorn, & Pellegrini, 1995; Guthrie et al., 1999; Locher & Pfost, 2020; Mol
& Bus, 2011; Pfost, Dorfler, & Artelt, 2013). However, beyond the well-replicated
general finding of a positive relation between time spent reading and reading skills,
there are still large areas of uncharted territory. For instance, there is scare evidence
on what kind of reading material (e.g., with respect to text difficulty, content, type
of text, writing style) individuals should read to facilitate the optimal development
of their reading skills and reading motivation (e.g., Troyer et al., 2018). Thus, gain-
ing deeper knowledge about the nature of people’s reading development is of major
interest to researchers and practitioners. This concerns above all reading behav-
ior, which, as described above, is one of the most important predictors of read-
ing skills. People at all stages of reading literacy development can face difficulties
while reading: for example, while beginning readers might struggle to decode let-
ters, advanced readers might struggle to extract information and construct meaning
from the text (e.g., Chall, 1983; Kutner et al., 2007; OECD, 2021). Thus, it is impor-
tant that research on reading does not end in adolescence. The better researchers
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understand reading at different stages of individual development, the better inter-
ventions or instructional materials practitioners can develop to support readers in
facing the challenges they encounter in later stages (e.g., Alexander, 2005).

Currently, in reading research as well as in psychology in general, most stud-
ies use global retrospective self-report data from questionnaires (e.g., an evaluation
of average reading time per week; Fahrenberg et al., 2007b). Research questions
such as the one above, however, can only be answered by taking a closer look at
individuals’ “real” reading activities, rather than merely relying on global retro-
spective measures that only provide information about average trends.

Continuous assessments of people’s reading behavior (e.g., daily reading dia-
ries) are seldom used because daily logs tend to be very time-consuming and can
be a huge burden for participants, especially in paper-pencil studies. Therefore,
the goal of this study was to develop a reading diary app for participants to record
their reading behavior (e.g., reading time, reading material) and reading motivation
with a smartphone in an economical way. In addition, the present study explores
the reading behavior data collected via this smartphone app. The data on read-
ing motivation will be analyzed in a further research project. The first aim was to
examine the quality of the data (e.g., reliability) gathered with the reading diary
app (ambulatory assessment). The second aim was to investigate how reading time
assessed with the reading diary app is related to reading time assessed with global
and retrospective questionnaire measures.

Theoretical Background

Conceptualization of Reading Behavior and How to Measure it

Reading behavior can be defined as the sum of all activities related to reading. As
this definition can potentially include a wide range of reading-related activities,
previous studies have operationalized reading behavior in many different ways. In
order to clarify the concept of reading behavior, it seems worthwhile to differenti-
ate between the quantitative aspects (“How much do people read?”’) and qualita-
tive aspects (“What do people read?”) of reading (Locher, Becker, & Pfost, 2019a).
Quantitative aspects of reading behavior refer to the amount or volume of reading
(e.g., number of books read in the last month) or time spent reading. Qualitative
aspects of reading behavior are multifaceted. They comprise information about
the nature of the reading material (e.g., type of text, text difficulty, text content, or
medium, i.e., print or digital). Common ways to measure the quantitative aspect
of reading behavior are global and retrospective self-reports of reading time (e.g.,
“About how much time do you usually spend reading outside of school?”) such
as those used in PISA (Programme for International Student Assessment; OECD,
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2010), one of the largest and perhaps most well-established international large-
scale comparison studies in the field of education.

However, in addition to these global self-report scales of time spent reading,
recent research has provided evidence of differential effects of reading different
types of texts on variables such as reading motivation or reading skills (e.g., Locher
et al., 2019a; Jerrim & Moss, 2019; McGeown et al., 2015; McGeown et al., 2016;
Pfost et al. 2013). For example, reading traditional fiction books (e.g., novels, short
stories or tales) has been found to be more important for reading skill development
than reading comics and newspapers or online media (e.g., Pfost et al., 2013). The
finding that the type of text moderates the relation between reading behavior and
reading skills was further supported by Jerrim and Moss (2019) in an analysis of
PISA data: students who frequently read fiction books had better reading skills than
their peers who do not read fiction. The authors did not find such an effect for other
text types, such as magazines or non-fiction. Furthermore, with respect to reading
motivation, recent research provides first evidence that reading classic literature,
especially in comparison to modern fiction books, negatively relates to intrinsic
situational reading motivation (Locher et al., 2019a). In addition, within the school
context, students who read more difficult books were less motivated to read (Locher
et al., 2019a). These results illustrate that more detailed insight into reading behav-
ior is desirable.

Exploring qualitative aspects of students’ reading behavior has often been
neglected, probably because assessing such information comes at a high cost.
Therefore, measures capturing the amount of time people spend reading different
types of texts are a good complement to the global evaluation (Locher & Pfost,
2019b). Beyond the quantitative aspect of reading time, these measures provide
at least some additional information about the average amount of time individu-
als spend reading fiction books, nonfiction books, newspapers, or other text types.
Nevertheless, whether global retrospective self-reports from questionnaires (global
and text type-specific measures of people’s reading time) accurately capture indi-
viduals’ behavior is doubtful, because this methodology “records mental represen-
tations rather than the actual experience and behavior” (Fahrenberg et al., 2007b,
p- 207), and several potential biases might occur (Fahrenberg et al., 2007a). Data
can be affected by cognitive schemata, response tendencies, judgment heuristics,
or memory effects (Fahrenberg et al., 2007a; Gershuny, 2012). For instance, when
determining daily reading time, some people might use the last week as a refer-
ence, whereas others might use the past month. Another source of bias might arise
when the days selected are not representative with respect to the behavior being
assessed (Kan & Pudney, 2008). The experience of time is also subjective, as per-
sons perceive time use differently (Juster, Ono, & Stafford, 2003). This means that
individuals’ responses to a question about their normal daily reading time might
be based on different heuristics. Moreover, individuals might only remember lon-
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ger reading activities (e.g., reading a book for 3 hours on the weekend) and fail to
recall brief reading activities (e.g., reading a newspaper for 5 minutes in a waiting
room). The fact that people might not consider all of their reading activities might
lead to biases in response behavior (memory effect). Another issue is that recalling
all reading activities correctly and assigning them to the appropriate text category
listed in the questionnaire can be a very difficult task, especially for children and
young adolescents (Locher & Pfost, 2019b).

Thus, alternative approaches are required to obtain data that better captures
a person’s actual reading behavior. Options used in research fields such as psy-
chology include the experience sampling method, which asks about experiences
in the moment (e.g., Csikszentmihalyi & Larson, 2014; Hektner, Schmidt, & Csik-
szentmihalyi, 2007; Shumow, Schmidt, & Kackar, 2008; Zirkel, Garcia, & Murphy,
2015), as well as the day reconstruction method, in which participants reflect on
their activities that day (e.g., Kahneman et al., 2004; Lucas et al., 2019). A third
way to gather information that more closely approximates people’s “real” reading
behavior and is less error-prone is to use reading diaries in which people document
their reading activities, namely how long and which books, magazines, newspapers,
or other texts they read (e.g. Akbar et al., 2015; Anderson, Wilson, & Fielding,
1988; Nieuwenboom, 2008; Stoffelsma, 2018). Reading diaries are often seen as a
kind of gold standard because they offer a quite precise documentation of people’s
reading behavior, provide concrete information about the books or texts the person
read, and yield information that can be used in further analyses.

Paper-Pencil versus Digital Diaries — Using an Ambulatory
Assessment

Most daily diary studies in psychology and educational research have relied on
paper-pencil methods (Akbar et al., 2015; Bolger, Davis, & Rafaeli, 2003; Fahren-
berg et al., 2007b; Wilhelm, Perrez, & Pawlik, 2012). However, this method is quite
time- and space-consuming and can also be a huge burden for participants (Bol-
ger et al., 2003). For example, people have to carry their documents/diaries with
them at all times, or might not have their diary available when they need it due to
the cumbersome nature of the paper documents. In the worst case, this results in
missing information. Another possibility is that people enter their reading activities
later. However, filling out the diary after too much time has passed increases the
risk of a retrospective bias, as people have to estimate their activities (Bolger et al.,
2003; Wilhelm et al., 2012). This drawback also applies to the day reconstruction
method and so-called “end-of-day diaries”, in which all activities are documented
once a day. Therefore, although reading diaries are seen as the gold standard, they
are seldom used as a method for continuously assessing people’s reading behav-
ior. One way to deal with the issues associated with the paper-pencil method is
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electronic documentation of reading behavior via an ambulatory assessment. This
promising and innovative method “refers to the use of computer-assisted methodol-
ogy for self-reports, behavior records, or physiological measurements, while the
participant undergoes normal daily activities” (Fahrenberg et al., 2007b, p. 206).
In other words, ambulatory assessments aim to conduct research (i.e., monitoring
people’s psychological, emotional, behavioral, or biological processes) in daily life
and in people’s natural environment with digital assistance (Trull & Ebner-Priemer,
2014). In particular, smartphones have become more and more important for ambu-
latory assessments because a large amount of data can be collected very economi-
cally and easily via apps. In addition, there is no need to carry around anything
extra, like a paper-pencil diary (Conner & Lehman, 2012; Miller, 2012; Trull &
Ebner-Priemer, 2014; Zhang et al., 2018). Due to these advantages, apps have been
used to measure behavior in various disciplines, for example in the field of health
(e.g., Ahram, 2019; Ebner-Priemer et al., 2007; Glomann et al., 2019; McLaws et
al., 1990).

In summary, an ambulatory assessment to assess reading behavior (e.g., a spe-
cific reading diary app) has numerous advantages over paper-pencil diaries. First,
most adolescents and young adults use smartphones and therefore already carry one
with them at all times (Lampert, Sygusch, & Schlack, 2007). This means that data
can be collected in daily life at low cost, and participants do not need extra mate-
rials or extra recording devices or computers (Fahrenberg et al., 2007b). Second,
participants can easily fill out the reading diary whenever and wherever they want.
This means that it is much more convenient and requires less effort for participants
to document their activities, presumably leading to better data quality. Third, ques-
tions and questionnaires can be adapted based on people’s responses, opening up a
broader range of possibilities and creating flexibility (Fahrenberg et al., 2007b). For
example, participants can only be given information and questions that are relevant
for them. This approach reduces the text load in digital reading diaries and may
result in less workload, as everything “unimportant” can be hidden and data entry
is made easier. Fourth, with paper-pencil diaries, researchers would likely never
know if participants filled out the whole diary retrospectively at the very end of the
study. In ambulatory assessment/reading diary app, researchers have better control
over the timing and reliability of the entries, meaning that the use of electronic data
should result in higher compliance (Bolger et al., 2003; Fahrenberg et al., 2007b).
And fifth, it might be easier to recruit more study participants for studies using
smartphone apps than paper-pencil diaries (Zhang et al., 2018). This could directly
affect the generalizability of the diary data collected.

Of course, the use of diaries also comes with several challenges. Depending
on the type of research question, software and programming costs can occur (Con-
ner & Lehman, 2012). Thus, developing an app could be more costly and would
probably require more resources than developing and implementing a questionnaire
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or a paper-pencil reading diary. In addition, completing a digital diary requires cer-
tain technical skills that are not necessarily present in all individuals within society
and thus may lead to sampling bias. Finally, it should be noted that apps can always
produce errors (e.g., in data storage or data transmission).

Despite the huge potential of ambulatory assessments, we do not know of any
studies that have used this approach to collect data on people’s reading behavior in
daily life. At least two exploratory studies used electronic diaries to assess reading
behavior. Keller (2010) had 12 college students document their reading behavior
over three days by taking digital photographs of their reading activities (e.g., pic-
tures of books). Raith (2008) had ninth-grade students use weblogs to document
their reading behavior. This qualitative study compared paper-pencil and weblog
reading dairies, finding that students who documented their reading behavior with
weblogs reflected on the content of the book better than students who documented
the content with paper-pencil diaries. However, both studies used desktop comput-
ers and did not leverage the possible advantages of ambulatory assessment using
personal smartphones to monitor daily reading behavior (e.g., flexibility, diary
always readily available, thus yielding a large amount of precisely documented
data).

Measurment and Data Quality in Ambulatory Assessments

A sufficient measurement and data quality is an important precondition that is
needed for further analyses and the correct interpretion of results. Therefore, as for
any empirical measure, in ambulatory assessment studies it is important to evalu-
ate the quality of the collected diary data and measures used (Calamia, 2019). To
date, only a small number of studies using ambulatory assessments have reported
quality criteria such as the reliability of the self-reported data (Calamia, 2019). For
instance, well-regarded diary studies such as Greaney and Hegarty (1987) or Allen,
Cipielewski, and Stanovich (1992) lack information on measurement and data qual-
ity. This might be because there are no clear standards for evaluating measures and
data quality within ambulatory assessments like there are for survey scales or test
development.

One way of evaluating data quality in ambulatory assessments is to use post-
monitoring interviews (e.g., reaction quesionnaires: Nieuwenboom, 2008; Stone et
al., 2003). In such questionnaires, which are conducted after the monitoring period,
participants answer questions about, for instance, whether they found the ambula-
tory assessment to be a huge burden, whether they think they behaved differently in
some situations because of the ambulatory assessment, or whether they think their
behavior differed from their average behavior throughout the ambulatory assess-
ment. If this is the case (i.e., the majority of participants agree with the statements),
the researcher must conclude that the data quality is not acceptable. Postmonitoring
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questionnaires therefore provide some indication of the reliability and validity (e.g.,
does the fact of observation change the nature of the phenomenon being measured)
or generalisability of a given assessment.

Another method for demonstrating measurement and data quality in read-
ing diaries or ambulatory assessments (e.g., Anderson et al., 1988; McLaws et al.,
1990; Nieuwenboom, 2008) is to demonstrate the reliability of the reading diary
app by examining correlations in the goal construct (e.g., reading time) between the
observed weeks as well as between even- and odd-numbered days. This approach
is similar to the idea of split-half reliability, where a test is divided into two halves,
scores on which should be correlated with one another. Furthermore, reliability can
be demonstrated by examining internal consistency (e.g., Cronbach’s alpha values
for the amount of time spent reading per day across all days).

Study Aims and Research Questions

Two research questions were formulated.

(a) First: Does the ambulatory assessment of reading behavior via a smart-
phone-based diary app have satisfactory measurement and data quality? For an
optimal quality check, existing approaches used in previous studies were com-
bined. Measurement and data quality can be assumed to be sufficient when two
conditions hold: 1) postmonitoring questionnaire results reveal no issues, and 2) the
reading diary app measure is sufficiently reliable. The first condition is achieved
if only a small proportion of study participants report irregularities and problems
with app use (e.g. Category 4: “I very often forgot to make an entry in the diary”).
With respect to the second condition, in accordance with previous research exam-
ining the reliability of diary measures (e.g., Anderson et al., 1988; McLaws et al.,
1990; Nieuwenboom, 2008), the reading diary app measure can be assumed to be
reliable if the correlation in reading time between Week 1 and Week 2 and between
even- and odd-numbered days is around r = .70 or higher. Finally, our reading diary
app measure can be assumed to be reliable if Cronbach’s alpha (for the amount of
time spent reading per day across all days) exceeds o = .80.

(b) Second: How is reading time measured via the ambulatory assessment
related to reading time measured via different global retrospective questionnaire
measures? An important criterion for the quality of an instrument is construct valid-
ity, and convergent validity is one way to check for construct validity. Convergent
validity refers to overlap in the results of different tests for the same or similar con-
structs (Moosbrugger & Kelava, 2012). Thus, high correlations between the results
of two tests or measures of the same construct reflect high convergent validity
(Pospeschill, 2010). Global retrospective questionnaire measures are widely used
and therefore can be considered well established; thus, they seem to be well-suited
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as a criterion for testing the quality of our reading diary app data. According to the
literature, however, data obtained from reading diaries most closely reflect “real”
reading behavior. Therefore, low correlations between these two measures may not
necessarily indicate low validity of the reading diary app data, but may also indi-
cate that the two instruments partially measure different constructs. Consequently,
this second research question is examined in an exploratory manner.

Method

Participants

All analyses rely on data from a convenience sample of n = 31' German university
students (77% women) with a mean age of 20.71 (SD = 2.60) years. The university
students were in their third semester of higher education on average (M = 3.01);
23% had an immigrant background, meaning that at least one parent was born
abroad. Nearly all students (n= 28) had taken courses in the fields of psychology
and education science. The participants had received an average grade of 2 (10-12
points) in German language arts on their secondary school completion exams (Abi-
tur), which reflects “good” performance according to the German grading system.

Study Design

The study included three measurement points.

First Measurement Point (M1). The first measurement point involved a one-
hour session in small groups of three to nine study participants. A reading achieve-
ment test was administered at the beginning of the session. Afterwards, partici-
pants filled out a questionnaire with different reading behavior measures, which
lasted about 15 minutes. Afterwards, the reading diary app was introduced and
explained. The app was installed on the smartphones the participants had brought
with them, and the app’s functions were tested. Finally, the further study procedure
was explained and participants were instructed on how to use the app (see measures
section for further details). The first session followed a standardized script.

Second Measurement Point (M2). The second measurement point represents
the ambulatory assessment period via the reading diary app. For the ambulatory

1 The study began with a total of 35 participants. Three participants could not install
the app on their smartphone and could thus not further participate in the study. It later
turned out that the reading diary app did not work on devices with an older Android
operating system. Of the 32 participants who used the reading diary app during the
two-week survey period, one person did not fill out the final questionnaire and there-
fore was not considered either in the further analyses.
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assessment, we followed an event-based design in which every reading activity was
documented immediately after participants completed a reading event. All partici-
pants recorded their reading activities for 14 days. Based on arguments made by
Foasberg (2014), the start of the ambulatory assessment period was placed in the
middle of the semester so that there would be no bias due to final exam stress.

Third Measurement Point (M3). The day after the reading diary app was used
for the last time (Day 15), participants received a link via e-mail to an online ques-
tionnaire created using SoSci Survey (Leiner, 2019). The questionnaire included
different reading behavior measures as well as the postmonitoring questionnaire.
The participants had four days to complete the online questionnaire, which lasted
about ten minutes. The incentives for complete participation were made available
the following week. We elected to conduct an online survey at M3. Participants
were not required to return to the lab, reducing the effort required. This was of high
importance in order to avoid non-response and missing data in the postmonitoring
questionnaire.

The study was advertised and participants were recruited in university semi-
nars, lectures and via the student council email list at the University of Bamberg.
For technical reasons, only students with Android devices could participate in the
study. For complete participation in the study, students received a 15€ voucher for a
local bookstore. Bachelor’s degree students in psychology could alternatively opt to
receive four credit hours for their participation.

Measures

Reading diary app data

The reading diary app was developed by the authors of the present paper at the
Department of Educational Research at the University of Bamberg for the purpose
of the present study. The app has a clear structure and can be used intuitivelyz.
As previously mentioned, the study followed an event-based design, meaning that
participants were to document their reading behavior directly after each reading
activity occurred. Personal communication such as emails and text messages were
not to be taken into account. No restrictions were applied concerning text type,
medium (print or digital device), or whether the reading activity was for enjoyment
or for one’s studies, and participants were requested to document all reading activi-
ties. Furthermore, browsing and looking things up on the internet was not explicitly
excluded.

2 At M3, participants answered questions about user friendliness (e.g. “Scanning new
books worked without problems”, “The entries for reading were uncomplicated”).
The feedback was good. On a four-point Likert scale (“strongly disagree” to “strongly
agree”), participants gave each statement an average rating of M = 3.0.
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Figure I ~ Screenshots showing the interface of the reading diary app

See Figure 1 for an illustration of what the reading diary app looked like.
The key element of the reading diary app is each participant’s personal library.
Participants were able to add books/texts to their personal libraries by scanning the
barcode on the back of the book with an app tool (see Figure 1a). This automatically
entered book-related data such as book title, author’s name, ISBN number, and the
number of pages in the app, as the app was able to pull this information from the
German National Library. Participants also had the opportunity to type in the title
and author of the book manually. This also applied to all other texts (e.g., newspa-
pers, digital articles, magazines) where no barcode was available. Then, every time
the participant opened the reading diary app, his or her personal library appeared
(see Figure 1b), encompassing all previously added books and texts (labeled “read-
ing projects”). To measure the time participants spent reading, they were asked to
make an entry every time they completed a reading event/activity. To make such
an entry, participants first chose the reading project (i.e., the book or text they had
read) from their library, and then they answered a short question about the duration
of the reading event (in minutes) and the number of pages they had read (see Figure
1c). Participants were also asked to answer four short questions regarding aspects of
situational reading motivation every time they completed a reading event. Log data
provided additional information about the date and time of day when participants
indicated they had read something (i.e., when they made an entry). All elements in
the library (books or other texts) were recorded and visible to the participants until
they had completed a reading project. When participants indicated that they had
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finished a reading project (as well as at the end of the two weeks of using the app),
they had to conclude the reading project. To do so, they had to answer questions
about the reading project in general, such as the reading purpose.

Reading Behavior Measures from the Paper-pencil Questionnaire

Global evaluation of reading time. The global evaluation of reading time was
captured in a manner comparable to the PISA study (Hertel, Hochweber, Mildner,
Steinert, & Jude, 2014) by asking participants to answer the following question:
“How much time do you normally spend reading per day?”” A 5-point Likert scale
was used (1 = never, 2 = up to 30 min, 3 = between half an hour and 1 hour, 4 =
1 to 2 hours, 5 = more than 2 hours). The global evaluation of reading time was
measured in the M1 and M3 questionnaires.

Evaluation of reading time for different types of texts. Equivalent to the global
evaluation, the evaluation of reading time with respect to different types of texts
was captured with the item: “How much time do you spend per day reading the
following text types?,” again on a 5-point Likert scale (1 = never to 5 = more than
2 hours). This time, however, participants were asked to indicate how much time
they spent per day reading different types of texts. Similarly to the PISA study,
this study asked about the following categories: (a) fiction books, (b) nonfiction
books, (c) newspapers, (d) magazines, and (d) comic books. This variable was also
measured at M1 and M3. Although more text types exist than the five categories
mentioned, a recent study by Locher & Pfost (2019b) showed that a too fine-grained
differentiation between text types tends to become counterproductive. Therefore,
these broad text categories were used.

Comparative Reading Habits (CRH)

The CRH is a measure of reading habits developed by Acheson, Wells, and Mac-
Donald (2008). Participants were asked to rate their reading habits in comparison
with their peers (e.g., reading time: “Compared to other college students, how much
time do you spend reading all types of materials?” or reading speed: “Compared to
other college students, how fast do you normally read?”). For each of the five ques-
tions on the CRH, participants chose a number on a scale ranging from 1 to 7, with
higher numbers indicating greater amounts of the quantity in question (e.g., reading
time, speed). Similarly to the study by Acheson et al. (2008), a 7-point Likert scale
was used to ensure sufficient variance in responses. The CRH was measured at M1
only.

Postmonitoring Questionnaire

Conscientiousness. To check whether participants regularly documented their read-
ing activities, we asked participants at M3: “How regularly did you make entries
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in the app after reading?” They were asked to rate this question on a 4-point Likert
scale (1 = forgot very often, 2 = sometimes forgot, 3 = regularly documented, 4 =
always documented).

Generalizability. To check whether participants’ reading activities during the
2 weeks of using the reading diary app were comparable to their normal daily read-
ing habits, participants were asked the following question: “Do you think you spent
more or less time reading during the 2 weeks of using the reading diary app than
you normally do?” A 5-point Likert scale (1 = much less, 2 = a bit less, 3 = exactly
the same, 4 = a bit more, 5 = much more) was used to ensure sufficient differentia-
tion.

Reaction. Three items were used to check for possible reaction effects caused
by the reading diary app. The first item refers to boredom effects (“Filling out the
reading diary app was boring”), the second item to the burden (“Filling out the
reading diary app was a burden in everyday life”), and the third item to an uninten-
tional intervention effect (“Filling out the reading diary app influenced my usual
reading behavior”). All three items were rated on a 4-point Likert scale (1 = dis-
agree, 2 = somewhat disagree, 3 = somewhat agree, 4 = agree).

Analysis Strategy

To explore the correlation between reading time in Weeks 1 and 2 and on even- and
odd-numbered days, and to examine internal consistency, the total duration of all
reading events each person documented throughout the 14 days was aggregated. In
so doing, information was collected about the amount of time participants spent
reading on each individual day as well as during each of the 2 weeks. In general,
internal consistency measures whether different items that aim to measure the same
construct produce similar scores. To compute the internal consistency of reading
time as measured in the reading diary, the reading time on each day was treated
as a single “item” measuring the same construct, namely, the amount of time spent
reading.

For the second research question regarding the relation between reading time
measured via the reading diary app and reading time measured via the question-
naire, the reading time data from the ambulatory assessment was transformed. In a
first step, to differentiate between the different types of texts, each reading project
from a participant’s personal library was assigned to one of the categories from the
questionnaire: fiction books, nonfiction books, newspapers, magazines, or comics.
Some reading projects could not clearly be assigned to one of the text categories
(e.g., lecture notes from university courses). These titles formed the category “other
books” or the category “other texts.” While categorizing the reading projects, it
became apparent that the app failed to transfer title names from a substantial num-
ber of manually added reading projects to the server. Due to this technical problem,
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these reading projects could not be categorized. These titles formed the category
“texts with missing title.” In a second step, daily reading time in minutes from the
reading diary app was classified into one of the five response categories from the
paper-pencil questionnaire: 1 = never, 2 = up to 30 min, 3 = between half an hour
and 1 hour, 4 = I to 2 hours, 5 = more than 2 hours. This made it possible to com-
pute the average daily reading time across the 2 weeks on a categorical level. This
was also done separately for each text type. After preparing the data in this man-
ner, repeated-measures ANOVAs and correlation analyses were computed in SPSS
(IBM-Corporation, 2012).

Results

Before presenting the results for the two research questions, some descriptive
results will be highlighted to provide a first impression of the information we were
able to collect with the reading diary app.

Descriptive Results for the Reading Diary Data

A total of 416 event-based entries were made during the ambulatory assessment.
This means the 31 participants indicated that they had engaged in reading activities
416 times during the 2-week period. Figure 2 shows the times of day that were the
most popular reading times. Most reading events were documented between 7 pm
and 12 am, meaning that people mostly indicated spending time reading in the eve-
ning. Most reading and most entries were made on Mondays. Other than that, peak
reading time was rather equally distributed (see Figures A and B from the elec-
tronic supplement for further information). On average, participants documented
one reading event per day (M = 0.96, SD = 0.66). These reading events lasted an
average of M = 31.78 min (SD = 16.10). The duration of a reading event ranged
from 5 to 240 min. Approximately 17% of all reading events lasted 10 min or less,
while 16% of all reading events lasted 1 hour or longer.

During the 2 weeks of the ambulatory assessment, participants added an aver-
age of four books (M = 3.61, SD = 4.19) and two additional texts, meaning newspa-
pers, magazines, online articles, and so forth (M = 2.10, SD = 2.17), to their library.
On average, four reading events per book (M = 4.23, SD = 3.90, Min = 1, Max
= 19) and two reading events per text (M = 2.28, SD = 1.61, Min = 1, Max = 16)
were recorded. Some participants did not document any reading time for some of
the reading projects they entered into their library, meaning they did not read every
book/text they entered. Therefore, Table 1 shows the number of reading projects
overall and the number of reading projects with valid reading times. One possible
explanation for this is that participants added some books they planned to read into
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Figure 2 Frequencies of entries in the reading diary app per time of day

their library in advance, but then they did not actually spend time reading them.
In-depth analyses revealed that it was often nonfiction books that were added to
the library but had no reading time (see Table 1). Furthermore, the students added
a higher number of books than other texts (e.g., newspapers) during the 2 weeks.

Table 1 Numbers of Reading Projects by Type of Text

Type of reading project  Type of text N n,
Books Fiction 46 42
Nonfiction 54 36
Other books 12 11
Sum of books 112 89
Texts Newspapers and magazines 15 13
Other texts 15 15
Texts with missing titles 35 33
Sum of texts 65 61
Sum of reading projects 177 150

Note. N = Number of reading projects overall, n, = Number of reading projects with valid
reading time.
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Table 2 Average Daily Reading Time in Minutes By Text Type Measured via

the Reading Diary App

n M SD Min Max
Fiction 42 16.82 25.37 0.00 119.29
Nonfiction 36 3.88 11.92 0.00 66.43
Newspapers 4 0.72 2.18 0.00 9.29
Magazines 9 1.61 5.81 0.00 32.14
Comics 1 0.03 0.19 0.00 1.07
Other books 11 1.81 4.35 0.00 16.43
Other texts 14 1.12 2.96 0.00 15.00
Texts with missing title 33 5.06 9.91 0.00 49.86
All 150 31.05 32.20 0.00 139.29

Note. N = 31 participants. n = number of reading projects to which this reading time can
be subsumed.

Table 2 shows the average time people spent reading across all types of texts
as well as differentiated by type of text. First, the results showed that on average,
participants spent about half an hour a day (M = 31.05, SD = 32.20) reading. Dif-
ferentiated by type of text, participants predominantly spent time reading fiction (M
= 16.82, SD = 25.37) and nonfiction books (M = 3.88, SD = 11.92), whereas other
types of texts such as newspapers and magazines were only read for a few minutes a
day. On average, participants spent more time (in minutes) reading in the first week
(M = 34.18, SD = 37.90) than in the second week (M = 2791, SD = 32.45). How-
ever, this difference was not significant, #(30) = 1.21, p > .05, r = .67. Individual
differences between participants in average reading time were large, as seen in the
large standard deviation.

Measurement and Data Quality

Detailed results of the postmonitoring questionnaire can be found in Table 3. With
respect to conscientiousness, only one person indicated that he or she often forgot
to make entries in the reading diary app (= response option 1), whereas more than
75% stated that they regularly or almost always made entries (response option 3 or
4). Once again, the categories were 1 = “forgot very often”, 2 = “sometimes forgot”,
3 = “regularly documented”, 4 = “always documented”. Regarding the general-
izability of the documented reading activities, the results of the postmonitoring
questionnaire were satisfactory. Participants indicated how their reading activities
during the ambulatory assessment compared to their normal daily reading habits
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Table 3 Descriptive Statistics from the Postmonitoring Questionnaire (M3)

M SD Catl% Cat2% Cat3% Cat4% Cat5%

Conscientiousness 3.26 0.89 3.2 194 25.8 51.6 -
Generalizability 2.97 0.91 32 323 29.0 35.5 0.0
Reaction 1: Boredom 2.26 0.82 16.1 48.4 29.0 6.5 -
Reaction 2: Burden 1.68 0.65 419 48.4 9.7 0.0 -

Reaction 3: Intervention  2.23 0.81 194 419 35.5 32 -

Note. Data were collected from N = 31 participants. Cat in %= percentage of people se-
lecting this category. Conscientiousness: Category 1 = forgot very often to Category 4 =
always documented; Generalizability: Category 1 = much less to Category 5 = much more;
Reaction: Category 1 = disagree to Category 4 = agree.

with the following categories: 1 = “much less”, 2 = “somewhat less”, 3 = “exactly
the same”, 4 = “a bit more”, 5 = “much more”. About 29% of participants indicated
that they spent exactly the same amount of time reading during these 2 weeks com-
pared with their usual reading time. A total of 32% stated that they usually read
slightly less and 3% much less than in the 2 weeks of data collection. On the other
hand, 36% of participants indicated that they read slightly more than they usually
read. Consequently, participants’ reading time during the 2 weeks of data collection
seemed to be comparable on average to participants’ usual reading activities. With
respect to the reaction items (categories: 1 = “disagree”, 2 = “rather disagree”, 3 =
“rather agree”, 4 = “agree”), only 7% of participants indicated that they got bored
(Reaction 1) while using the reading diary app, whereas 65% stated that they were
not bored or only slightly bored. About 90% of participants disagreed or some-
what disagreed that the task of monitoring their reading behavior with the reading
diary app every day was a burden (Reaction 2). Furthermore, only one participant
indicated that the ambulatory assessment influenced his or her daily reading behav-
ior (i.e., he or she read a lot more than average). About 60% of participants stated
that they did not think they changed their reading behavior due to the ambulatory
assessment (Reaction 3).

As an additional quality measure, we calculated the internal consistency for
reading time across all days. The reading diary app data had satisfactory internal
consistence (o« = .87). This was also supported by the correlations between the sum
total daily reading time on even- and odd-numbered days (r = .81, p < .0l) and
between the sum total of reading time in Weeks 1 and 2 (r = .67, p < .01). Both
results serve as indicators of reliability.
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Comparing Different Reading Behavior Measures

To compare the reading diary app data with the global retrospective questionnaire
data, we used information about daily reading time from the event-based entries
during the 2 assessment weeks. This data was transformed to match the response
categories for the questionnaire items. Because the number of reading projects in
the categories of newspapers and magazines was too small to analyze separately, a
joint category was built for both the app and questionnaire data. No analyses were
conducted regarding comic books because only one comic book was mentioned in
the reading diary app.

Comparing the average amount of reading time per week measured as a global
evaluation on the questionnaire and the average weekly reading time measured via
the reading diary app (Table 5 and Figure 3) yielded a significantly lower average
for the reading diary app data (M = 2.06, SD = 0.70) compared to the questionnaire
data (M1: M =3.29, SD =097, M3: M = 2.94, SD = 0.85).

Furthermore, there were significant differences in the global retrospective
questionnaire measure before (M1) and after (M3) the 2 weeks of reading behav-
ior documentation, with participants indicating less time spent reading after the
ambulatory assessment period. Comparable results were found when differentiating
between text types (Table 4). For all text categories, the evaluation of reading time
before using the reading diary app was descriptively but not significantly higher
than the evaluation after the ambulatory assessment period. Turning to global
reading time (i.e., summing up all reading activities across all types of texts), no
participants indicated that they spent no time reading when asked in the question-
naire. However, according to the reading diary data, 23% of participants fell into
the lowest category, which meant that on most days during the 2 survey weeks,
they did not spend any time reading. The results of the correlational analyses in
Table 5 revealed that the reading diary app data were significantly associated with
the global retrospective evaluation from the questionnaire (M1: r = .39, p < .05
and M3: r = .58, p < .01). The global retrospective evaluation after the 2 weeks
of data collection was more strongly related to the reading diary app data than the
global retrospective evaluation before the 2 weeks of data collection. Comparable
results were found when differentiating by type of text, with the exception of the
newspapers and magazines category. Table 5 also shows the correlations with the
CRH scale. One can see that reading time measured via the reading diary app was
significantly correlated with the CRH (r = .38, p < .05). As the internal consistency
of the CRH was quite low (@ = .49), and the CRH also includes items that refer
to reading skills and reading speed, we additionally computed correlations with
the item referring to reading time only (“Compared to other college students, how
much time do you spend reading all types of materials?”’). This item had a consider-
ably stronger correlation with the reading diary app data (r = .51, p < .01).
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Figure 3 Presentation of differences in reading time between the three mea-
surement points: M1 = prequestionnaire, M2 = reading diary app, M3
= postquestionnaire

Discussion

The main interest of this study was to gain deeper insight into people’s “true” read-
ing behavior using an ambulatory assessment. Therefore, a reading diary app was
developed to monitor people’s reading behavior in daily life. In this field report,
we explored whether the ambulatory assessment had satisfactory measurement and
data quality, which is an important precondition for further analyses. In addition, it
was explored how the ambulatory assessment data were related to data from global
retrospective questionnaire measures.

First, a reading diary app/ambulatory assessment seems to be an appropriate
method for collecting data of satisfactory quality about reading behavior in daily
life. As smartphone use allows for a relatively easy and economical data collec-
tion process, it seems feasible for participants to document their reading behavior
continuously rather than, for instance, just once a day (e.g., as often the case for
end-of-day diaries). Therefore, quite precise and detailed information about indi-
viduals’ daily reading behavior can be obtained. The results showed that internal
consistency was very good, and the correlations of time spent reading in Weeks 1
and 2 as well as between even- and odd-numbered days, another reliability indica-
tor, were strong and in the expected direction (e.g., Anderson et al., 1988; McLaws
et al., 1990; Nieuwenboom, 2008). Moreover, most participants reported that docu-
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menting their reading behavior with the reading diary app was not a burden for
them and that they made regular entries. However, the generalizability of this find-
ing requires further research. For example, some persons (e.g., older people) may
be less familiar with smartphone apps than university students, making the use of
electronic reading diaries more difficult for this population (Conner & Lehman,
2012). Furthermore, some people may have privacy concerns related to an app that
collects information on their personal behavior, including their reading behavior. It
is also important to consider that participants only monitored their reading behav-
ior for 2 weeks. Therefore, it might be argued that participants’ reading behavior
during those 2 weeks was not representative of their reading behavior in general.
Nevertheless, two weeks are a common and sometimes recommended time period
for diary studies (Conner & Lehman, 2012). Moreover, we chose a time period for
our diary study in the middle of the semester when no exams had to be taken, as
exam stress could affect college students’ reading behavior. Furthermore, in the
postmonitoring questionnaire, nearly all participants indicated that the amount of
time they spent reading did not deviate significantly from their general reading
behavior.

Second, the results showed that the reading diary app data and global retro-
spective questionnaire data (collected before and after the ambulatory assessment
period) were closely related. However, despite the significant correlations, there
were substantial differences between the reading time data collected via the read-
ing diary app and the questionnaires. The average daily time spent reading was
significantly lower in the ambulatory assessment compared to the questionnaire
self-report scales. One possible explanation for this is that participants tend to over-
estimate the amount of time they spend reading each day when asked to make a
global retrospective self-report on a questionnaire. This is in line with Nieuwen-
boom (2008), who found in a sample of third to fifth graders that students tended to
overestimate their reading time in a questionnaire compared to a paper-pencil read-
ing diary. Nevertheless, it must be noted that both the questionnaire and reading
diary measures rely on self-reports. A third, independent source of data might be
helpful in order to confirm whether participants really overestimated their reading
time in the retrospective questionnaire or whether reading diaries tend to under-
estimate reading time. Although we implicitly assume that participants continu-
ously documented their reading activities during the ambulatory assessment, which
should result in less bias due to memory effects, some participants might have for-
gotten to document their reading time and then did not respond honestly to the
conscientiousness question.

Finally, our results found significant differences in the global retrospective
self-report before and after the 2 weeks of ambulatory assessment. Furthermore,
the correlation between the reading diary app data and the global evaluation of
reading time from the questionnaire was stronger after the ambulatory assessment.
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One possible explanation is that after participants monitored their own reading
behavior for 2 weeks, they revised their reading time estimates, leading to differ-
ent and possibly more precise responses to the global retrospective question. This
change in participants’ responses could again be interpreted as a sign that global
retrospective questionnaires are influenced by aspects such as heuristics and mem-
ory effects. Nevertheless, it should be kept in mind that all results are based on a
rather small sample. Therefore, in order to confirm the results regarding the qual-
ity of the reading diary app as well as the relations with retrospective questions,
the app would need to be applied in a larger sample and complemented with fur-
ther sources of information, such as interview data. Consequently, future research
should try to replicate the study with a larger and more heterogeneous sample with
persons at different stages of life, from school students to older adults. Further-
more, data collection periods of varying length might be explored. Whereas longer
time periods would help the diary data better capture habitual behavior, longer time
periods might also lead to more missing data, measurement error, unwillingness
to participate in the study and boredom effects (Bolger et al., 2003). Therefore, the
effects of shorter data collection periods might also be examined.

Limitations of the Study

The present study also has some limitations. First, a small convenience sample of
college students in psychology and educational science was used. Due to sample
selectivity, the results may not generalize to the general population. Second, there
were some unexpected technical problems with the reading diary app. The biggest
issue was that the titles of 33 reading projects were not transferred to the server
correctly. This information about the title/type of text was necessary for the dif-
ferential analyses by type of text. Because it was not possible to restore this missing
information, reading projects lacking information about the title/type of text had to
be excluded from these analyses. This led to a reduction in the sample size in these
categories and to a relatively small sample size in the newspapers and magazines
category, which could be an explanation for the nonsignificant correlation between
the app and questionnaire data. Third, it was not possible to determine whether
participants made fake entries in the diaries for reasons such as social desirability
(Carels et al., 2006; Gershuny, 2012). For example, social desirability effects have
been found when parents report reading times with their children, with parents
often exaggerating this reading time (Hofferth, 2006). Accordingly, participants
might have indicated spending more time reading in the app than they actually
spent reading. However, it might be seen as less likely for a participant to continu-
ously make invalid statements for several entries across a two-week period com-
pared to a single questionnaire response. Nevertheless, to address this limitation, it
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would be useful for future research to examine a third source of information, such
as interview data. Finally, there may be individual differences in data accuracy
due an imprecise definition of the construct “reading event”. Therefore, some study
participants might have recorded reading events in the diary that other participants
did not record. Hence, future studies should develop a more precise working defini-
tion of the term reading event and communicate this to study participants in order
to improve data accuracy.

Conclusion

The present study is among the first to use an ambulatory assessment in the form of
areading diary smartphone app to examine people’s reading behavior. In doing so,
this study addresses the often-discussed necessity to use more innovative methods
to study behavior in daily life (e.g., Fahrenberg et al., 2007b), and the need to obtain
new and deeper insights into people’s common reading activities and qualitative
aspects of reading behavior (e.g., Troyer et al., 2018). Global retrospective measures
often do not provide information that would allow for such insights because they
only reflect average trends and tendencies rather than concrete information about
the books and texts a person has actually read.

The present field report illustrates that a reading diary app is a promising
method for economically collecting detailed data about people’s reading behavior
in daily life. However, ambulant assessment via a smartphone app also involves
many challenges (e.g. susceptibility to technical problems, relatively large effort
required to develop the app), as shown in this study and documented in this field
report. While this study has taken a small first step in the direction of resolving
these challenges, and there is a lot of work still to do and improvements to be made.
The present study clearly illustrates that reading behavior is a much more complex
construct than just the average time spent reading as measured in global retrospec-
tive questionnaires. The results showed that the amount of time individuals spent
reading each day varied substantially across days. Furthermore, there is great vari-
ation in participants’ reading material, which typically remains invisible in global
retrospective data — except with respect to very general types of texts. But perhaps
it is not just reading a lot but reading diverse books and texts (varying in content,
complexity, and writing styles) that makes a competent reader (Kirsch et al., 2002).
Given that existing evidence on the relation between reading behavior and reading
skills or reading motivation is predominantly based on studies using global retro-
spective questionnaire data (e.g., Locher et al., 2020; Pfost et al. 2013; Troyer et
al., 2018), future research should examine whether these findings can be replicated
with more fine-grained measures of reading behavior. It might also be fruitful to
further develop the reading diary app to promote increased reading behavior, e.g.,
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by using a token system for the amount of reading time reached (see Robinson,
Newby, & Ganzell, 1981). Akbar et al. (2015), for example, found that reading apps
can help to improve reading speed. Such interventions might be a further perspec-
tive for future research with reading diary apps.
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