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Abstract
[Purpose/Significance] Information search is not merely a process of informa-
tion acquisition, but can also be viewed as a user’s self-learning process. In
the context of learning-oriented search, this study investigates the impact
of note-taking—an information use behavior during the search process—on
learning outcomes, while simultaneously examining the characteristics of users’
note-taking behavior and the influence of search context on such behavior.
[Method/Process] Data were collected through experimental methods. Encod-
ing analysis, descriptive statistics, and cluster analysis were employed to dissect
the characteristics of note-taking, while difference tests were utilized to analyze
the associations between note-taking and search context, as well as learning
outcomes. [Results/Conclusions] Three note-taking patterns were identified:
“coarse collection-linear structure type,” “fine collection-linear structure type,”
and “free structure type.” Among these, users with greater prior knowledge
tend to adopt the “coarse collection-linear structure type” pattern; however,
this pattern may result in poorer learning efficiency. The research conclusions
contribute to enriching the limited exploration of information use behaviors
in “search as learning” research and inspire the design and optimization of
various information search systems from the perspective of supporting users’
self-learning.
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Abstract: [Purpose/Significance] Information search is not only a process of in-
formation acquisition but also a process of users’ self-learning. In the context of
learning-related search, this study explores the influence of note-taking—an in-
formation use behavior during the search process—on learning outcomes, while
also examining the characteristics of users’ note-taking behavior and the im-
pact of search context on note-taking behavior. [Method/Process] Data were
collected using experimental methods, with note-taking characteristics analyzed
through coding analysis, descriptive statistics, and cluster analysis. Differences
in note-taking behavior across search contexts and learning outcomes were ex-
amined using difference tests. [Result/Conclusion] Three note-taking patterns
were identified: “Rough Collection-Linear Structure,” “Fine Collection-Linear
Structure,” and “Free Structure.” Users with more prior knowledge tend to
adopt the “Rough Collection-Linear Structure” pattern, but this pattern may
lead to poorer learning efficiency. The findings help enrich the limited explo-
ration of information use behavior in “search as learning” research and inspire
the design and optimization of information search systems from the perspective
of supporting users’ self-learning.
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Information search systems have become indispensable tools for people seeking
information. Traditional search systems have focused primarily on information
retrieval and selection. However, as society has entered the knowledge era, in-
formation search is not merely a simple information acquisition process but can
also be viewed as a user’s self-learning process. Search systems can be further
designed and optimized from the perspective of supporting users’ self-learning,
transforming them into learning systems that support information searching,
browsing, understanding, analyzing, and creating [1]. Against this backdrop,
the theme of “searching as learning (SAL)” has received continuous attention.
Note-taking is one of the most common activities during search sessions. Users’
note-taking during search represents a complex cognitive process of transform-
ing perception into association, analysis, and synthesis, and then into written
expression [4], which can be regarded as an information use behavior involving
the comprehension and processing of acquired information. Based on this, in the
context of learning-related search, this study investigates the influence of note-
taking—an information use behavior—on learning outcomes during the search
process, aiming to enrich the limited exploration of information use behavior in
SAL-related research.
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Literature Review
2.1 Research on Factors Influencing Learning Outcomes in the
“Search as Learning” Context

Scholars in the information search field believe that future search system design
should shift from answer-centric to learning-centric, creating good knowledge
contexts for searchers to serve their long-term memory [5]. SAL-related research
combines theories from learning science to study information search, viewing
search systems as learning tools [6], focusing on the role of search systems in
learning processes and outcomes, and optimizing, expanding, and reconfigur-
ing search system features and functions to transform them from information
retrieval tools into learning spaces that serve human learning [7].

In the SAL context, research on information behavior has primarily focused on
how query formulation and reading-related behaviors affect learning outcomes.
However, the search process with learning as its goal is complex; users must
not only search for and read information but also understand, select, compare,
write, and create information [2]. Existing research has limited exploration of
the relationship between subsequent information use behavior and learning out-
comes [3]. Note-taking behavior in search can be seen as an information use
behavior that integrates newly acquired information with users’ existing knowl-
edge structures, organizing, expressing, and outputting learned knowledge. Cur-
rently, SAL-related research on information behavior has concentrated on how
query formulation and reading behaviors affect learning outcomes, with limited
exploration of the relationship between subsequent information use behavior
and learning outcomes [3].

2.2 Impact of Note-Taking on Learning Outcomes in Classroom Set-
tings

Note-taking means that users comprehend a written document or speech and
record information by writing it down [13]. Note-taking is a manifestation of
cognitive ability in learning activities under the influence of metacognition and
resource management strategies [14] and forms the primary basis for educa-
tional activities between teachers and students [15]. Over the past decades,
educational research has extensively studied the learning effects of note-taking
in classroom settings, forming two hypotheses about note-taking functions: the
storage function hypothesis and the encoding function hypothesis [16-17]. The
storage function hypothesis posits that the effect of note-taking arises from pos-
session of the notes; reviewing notes can trigger re-cognition of lecture content
and consolidate learning. The encoding function hypothesis argues that the ef-
fect of note-taking arises from the information processing itself; the note-taking
process can enhance learners’ attention, trigger active learning activities, and
lead to more elaborate thinking, which benefits memory organization and trans-
fer. The storage function of note-taking has been confirmed, but findings on the
encoding function are mixed, as different learners’ note-taking strategies and

chinarxiv.org/items/chinaxiv-202304.00797 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00797


quality may affect the degree to which the encoding function is realized [18].

Existing research has classified note-taking strategies along different dimensions
and measured note quality to explore its impact on learning effects. For exam-
ple, K.A. Kiewra et al. divided note-taking techniques into traditional, linear,
and matrix techniques. Traditional techniques produce free notes without spe-
cific structure; linear techniques produce outline notes with hierarchical and
list-based structures; matrix techniques produce matrix notes in the form of
two-dimensional cross-tables that allow cross-category comparisons horizontally
and vertically. This research found that under both immediate test conditions
(where participants could not review notes) and delayed test conditions (where
participants could review notes), matrix note-takers performed better on recall
tests than free note-takers [19]. Further, K.A. Kiewra and S.L. Benton found
that linear notes were more beneficial than other formats for improving essay
writing test scores [20]. Hu Jin also compared these three recording strategies,
finding that under appropriate knowledge control conditions, the generation pro-
cesses for linear and matrix techniques occurred during note-taking, while the
generation process for traditional techniques could only occur later during note
review, with the former showing significantly better generative effects than the
latter [21].

M. Pottbast and M. Hagen et al. identified two different text recording strate-
gies based on the length of text completed after each editing session: buildup
and boil-down. Buildup refers to writers continuously increasing text length
throughout the recording process; boil-down refers to writers first accumulating
substantial material with rapidly increasing text length in the early stage, then
reorganizing existing text to shorten it [22-23]. J. Wiley and J.F. Voss ana-
lyzed the quality of historical essays written by participants across dimensions
including narrative organization, completeness, information sources, scope of
explanation, and connections between conceptual units [24]. Regarding infor-
mation sources, sentences in essays were coded as “borrowed,” “transformed,”
or “added” [24-26]. Similarly, M. Hagen et al. coded note-taking units based on
content transformation and integration degree as “paraphrases,” “intratextual
elaborations,” or “intertextual elaborations,” where paraphrasing involves little
or no content transformation and represents a shallow processing strategy, while
elaboration involves more content transformation and represents a deeper pro-
cessing strategy [27]. They also measured the number of texts covered, number
of switches, and number of words in notes, referring to how many documents
were mentioned, how many times notes switched between documents, and the
word count in notes, respectively. Analyzing the relationship between these
note-taking variables and text comprehension performance, they found that
more intertextual elaborations in notes correlated with better deep comprehen-
sion of single and multiple texts [27].

Overall, these studies classified and measured note-taking strategies and qual-
ity along dimensions such as linear recording technique, length accumulation
patterns, length, generation degree, organization degree, coverage degree, and
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integration degree, finding that different strategies and qualities produce differ-
ent learning effects.

2.3 Impact of Note-Taking on Learning Outcomes in Search Scenarios

In addition to classroom settings, note-taking is also common in web search sce-
narios. Note-taking is one of the most frequent activities in search sessions, with
users employing handwritten and electronic notes to collect, manage, organize,
and share information found during online searches [28]. While numerous stud-
ies have examined the impact of note-taking on learning outcomes in classroom
settings, research on its impact in web search scenarios has been limited until
recently.

X. Song et al. evaluated users’ learning outcomes using seven indicators ex-
tracted from post-search task essays, finding that note-taking behavior had a
significant effect on learning outcomes, with earlier information recording lead-
ing to better learning outcomes [29]. J.Y. Wu and C. Xie evaluated learning
outcomes using a series of true/false and subjective questions after searching,
finding that users under the matrix note strategy performed better than those
under no-note and free-note strategies [30]. Later, J.Y. Wu also found that
free notes and matrix notes could effectively help users improve learning out-
comes under different individual working memory capacities [31]. Liu Chang et
al. evaluated users’ recording effectiveness and learning outcomes by the number
of topical facets covered in notes and classified users’ note-taking strategies into
early-recording, average-recording, and late-recording types based on recording
completion progress over total task time, finding that the average-recording type
produced the most facets [32]. N. Roy et al. evaluated users’ learning outcomes
in receptive learning tasks using vocabulary knowledge tests and in critical learn-
ing tasks using essay writing quality, finding that users with note-taking tools
included more factual knowledge in their essays [33]. However, these studies
only measured or classified note-taking behavior from limited dimensions, focus-
ing on the presence or absence of notes or the form and format of note-taking,
without examining how note content quality affects learning outcomes.

In summary, the search process with learning as its goal is complex. Searching
and reading are only partial behaviors; subsequent information use behaviors—
understanding acquired information, integrating it with personal knowledge
structures, and organizing, expressing, and outputting learned knowledge—are
also important. Currently, SAL-related research on information behavior has fo-
cused on how query formulation and reading behaviors affect learning outcomes,
with limited exploration of the relationship between subsequent information use
behavior and learning outcomes [3]. Users’ note-taking behavior in search can
be viewed as an information use behavior that integrates new information with
existing knowledge structures, representing a key step in the learning process.
Compared to classroom settings, research on note-taking and its impact on learn-
ing outcomes in search scenarios is limited. A few relevant studies have only
measured or classified note-taking behavior from partial dimensions, focusing on
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the presence or form/format of notes without examining how note content qual-
ity affects learning outcomes. Based on this, this study measures and classifies
note-taking behavior from multiple dimensions including both form and content,
deeply exploring the impact of note-taking—an information use behavior—on
learning outcomes in learning-related search contexts, while also examining the
characteristics of users’ note-taking behavior and the influence of search context
on note-taking behavior, thereby enriching the limited exploration of informa-
tion use behavior in SAL research and inspiring search systems to design and
optimize functions from the perspective of supporting users’ self-learning.

Data Collection Methods and Results
3.1 User Experiment

3.1.1 Participants This study utilized experimental data from a previous
project; specific experimental design and procedures reference Song Xiaoxuan
and Liu Chang (2018) [34]. The experiment recruited 32 participants from
Peking University, including 12 males and 20 females aged 18-30. Participants
came from different departments: 14 from humanities and social sciences, 5
from information and engineering sciences, 10 from natural sciences, and 3 from
medical sciences. They were at different academic levels: 20 undergraduates
(8 freshmen, 3 sophomores, 4 juniors, 5 seniors), 4 master’s students, and 8
doctoral students. The experiment was conducted from March to April 2016,
with an average duration of 1.5 hours.

3.1.2 Experimental Procedure Before the experiment, participants com-
pleted the Extended Cognitive Style Analysis: Wholist-Analytic test (E-CSA-
WA) [35] and a background questionnaire. During the experiment, participants
performed searches on four search tasks sequentially. Before each task, par-
ticipants completed a pre-search questionnaire rating their task familiarity and
perceived task difficulty, and described in writing what they already knew about
the task. They then conducted the search without time limits, being asked to
record and organize what they considered reasonable answers in a computer
notepad file. They could stop searching at any time when they felt they had
completely recorded their answers. After searching, participants completed a
post-search questionnaire rating their post-search task familiarity and perceived
task difficulty, and described their answers to the task in writing without refer-
ring to external information. After completing all four tasks, participants filled
out a post-experiment questionnaire providing suggestions for search system de-
sign. Throughout the experiment, Morae Recorder 3.3 was used to record users’
search interaction behaviors in the background. The experimental procedure is
shown in Figure 1 [Figure 1: see original paper].

3.1.3 Search Task Design The search tasks used simulated learning-related
search tasks. Learning-related search tasks refer to search activities where users,
in a learning context and with learning as the goal, use search systems to col-
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lect, analyze, evaluate, and use information to ultimately complete the learning
task [32, 34, 36]. Analyzing user interaction behaviors in learning-related search
tasks can maximize the externalization of relatively implicit learning processes.
Therefore, this study adopted learning-related search tasks in the experiment,
using S.Y. Rieh et al.’s [37] learning process classification as the theoretical basis
for task design. Tasks focused on daily health issues of concern to college stu-
dents, designing two types: receptive learning tasks and critical learning tasks,
with two different search topics for each type, totaling four tasks. Receptive
learning refers to students’ memory, understanding, and expression of learned
knowledge—a relatively shallow learning process. Critical learning refers to stu-
dents’ reflection, criticism, and evaluation of knowledge from different sources
to form their own thinking—a deeper learning process than receptive learning.
Each participant completed all four tasks, with task order rotated across partic-
ipants using a Latin square method.

The four search tasks were:

(1) Receptive Learning Tasks:

Task 1: Beijing’s smog is becoming increasingly severe, and you feel it is neces-
sary to wear a mask during smoggy weather. Before buying a mask, you want
to know what types of masks exist, the differences between them, and which
type is suitable for young people to wear long-term in Beijing. Please search
online and record your answers in the notepad during the search process.

Task 2: An elderly family member has hypertension and needs to purchase
a blood pressure monitor for regular monitoring. However, the family lacks
experience in buying blood pressure monitors. Please search online and describe
what aspects should be considered when evaluating the quality of home blood
pressure monitors, recording your answers in the notepad during the search
process.

(2) Critical Learning Tasks:

Task 3: Online, there are claims that snow boots have adverse health effects,
causing problems with feet, ankles, and hips. At the same time, many netizens
have refuted these claims. Please analyze and compare the two viewpoints and
summarize your own opinion on whether snow boots affect health. Search online
and record your answers in the notepad during the search process.

Task 4: Your middle school cousin is considering joining the school soccer team.
Most relatives support this idea, but some argue that soccer is a dangerous sport
with potential health risks. His parents also want your opinion: What are the
health hazards of long-term soccer playing for adolescents? Should they let the
child join the soccer team? Please search online and record your answers in the
notepad during the search process.
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3.2 Search Context and Learning Outcome Variables

The search context and learning outcome variables measured in this study are
shown in Table 1 . Some variables are explained below:

• Cognitive Style: Measures people’s habitual ways of thinking, viewing,
and constructing information. Wholist style refers to people who tend
to view the entire situation as a whole and try to obtain as complete
information as possible. Analytic style refers to people who tend to break
down situations into parts and focus on one or several aspects [38-39].

• Knowledge Level: This study comprehensively evaluated participants’
knowledge levels from quantitative and qualitative dimensions. Quanti-
tative indicators included word count, knowledge point count, knowledge
facet count, knowledge breadth, and knowledge depth. Qualitative indi-
cators included objective knowledge relevance, knowledge analysis degree,
subjective task familiarity, and perceived task difficulty. Based on partic-
ipants’ written descriptions of task knowledge before and after searching,
this study used coding analysis to obtain values for knowledge level vari-
ables before and after searching. The process is described in existing
literature [34], with pre-search knowledge level treated as a personal char-
acteristic and post-search knowledge level treated as a learning outcome.

3.3 Note-Taking Variables

3.3.1 Variable Selection The note-taking variables measured in this study
are shown in Table 2 , including two categories: note-taking strategies and note
quality.

(1) Note-Taking Strategies: Judged from a dynamic perspective regarding
the strategies participants used during note-taking, including: - Linear Tech-
nique: Measures participants’ tendency to use list-based, hierarchical linear
recording techniques - Accumulation Pattern: Measures the length accumu-
lation pattern of participants’ note content, including buildup and boil-down
types [22-23], coded as 1 and 2 respectively

(2) Note Quality: Judged from a static perspective regarding the quality of
the final notes produced, including: - Length: Measures note length, including
word count, unit count, and average unit length - Generation Degree: Differ-
ent note-taking procedures have different generation degrees [18]. Note-taking
procedures can be generative or non-generative [40]. Generative procedures rep-
resent deep processing of original information involving relatively deep cognitive
processes, while non-generative procedures represent shallow processing involv-
ing superficial cognitive processes [41-42]. The “generation degree” variable mea-
sures the generation degree of note-taking procedures. - Processing Degree:
Measures the depth of note processing of original web information, including
text selection degree, content transformation degree, and position reorganiza-
tion degree - Organization Degree: Measures the degree of note organization
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and structuring - Coverage Degree and Integration Degree: Measures the
degree to which participants’ notes covered and integrated different information
sources

3.3.2 Coding Analysis Five note-taking variables were obtained through
coding analysis: “Linear Technique,” “Text Selection Degree,” “Content Trans-
formation Degree,” “Position Reorganization Degree,” and “Organization De-
gree.” Coding rules drew on existing literature methods and conclusions and
were formulated based on this study’s data.

(1) “Linear Technique” Variable Coding: This involved two-level coding.
In the first level, each action unit where participants added linear formats during
note-taking served as the coding unit, with three features coded: operation level
(which text level the action targeted, coded as N where N ranged 1-3 in this
study), specific operation (type of linear format added, coded as adding subtitles
or adding bullet points), and operation scope (completeness of linear format
added to the text at that level, coded as partial, some, or whole). Based on
first-level coding results, the second level used action unit collections within the
same operation level as coding units. The linear technique used at each level was
coded as no outline, basically no outline, basically has outline, or has outline,
assigned values of 0, 1, 2, and 3 respectively, with higher scores indicating more
complete linear recording techniques at that level. Values for all levels were
summed to obtain the note’s score.

(2) “Text Selection Degree,” “Content Transformation Degree,” and
“Position Reorganization Degree” Variables Coding: This study defined
units as spatially proximate, content-related, and informationally complete text
segments in notes [27], generally consisting of one sentence. Coding analysis
used each unit as the coding unit, evaluating three dimensions: - Text Selec-
tion Degree: The fineness of original web text selection, coded as no selection,
paragraph selection, sentence selection, or word selection, assigned values of 0,
1, 2, and 3 respectively, with higher scores indicating finer selection - Con-
tent Transformation Degree: The degree of processing of original web text
content, with coding shown in Table 3 , where higher scores indicate deeper
processing - Position Reorganization Degree: The degree of reorganizing
original web text positions, coded as no change, position swapping, or special
positioning, assigned values of 0, 1, 2, and 3 respectively, with higher scores
indicating more reorganization

Each unit was coded and assigned values, then averaged across all units in a
note to obtain the note’s scores.

(3) “Organization Degree” Variable Coding: This coding analysis used
each text level in notes as the coding unit, coding based on relationship cate-
gories, organization forms, and organization scope at that level. Relationship
categories refer to relationships between text parts at that level, organization
forms refer to types of organizational formats added, and organization scope
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refers to completeness of organizational formats added. Each level’s organiza-
tion degree was coded as no organization, basically no organization, basically
has organization, or has organization, assigned values of 0, 1, 2, and 3 respec-
tively, with higher scores indicating higher organization and structuring at that
level. Values for all levels were summed to obtain the note’s score.

As this was an exploratory study, coding initially selected two search tasks
(Tasks 1 and 3). One coder performed manual coding of note files, then a
second coder independently coded a random sample of 8 notes (13%, meeting
the minimum 10% sample size requirement for inter-coder reliability testing
[43]). Inter-coder reliability was assessed: Cohen’s Kappa for “Text Selection
Degree” = 0.760 (p < 0.001), for “Content Transformation Degree” = 0.718 (p <
0.001), and for “Position Reorganization Degree” = 0.706 (p < 0.001), all above
0.7 indicating good agreement. Additionally, Kappa for “Linear Technique” =
0.880 (p < 0.001) and for “Organization Degree” = 0.826 (p < 0.001), both
above 0.8 indicating high agreement. During coding, one search session’s notes
were excluded due to missing interaction behavior data. Data on note-taking
variables were ultimately collected for 63 notes from 32 participants, forming
the basis for subsequent analysis.

Data Analysis Process and Results
Data analysis proceeded in three stages: first analyzing characteristics of user
note-taking behavior, then examining associations between search context and
note-taking behavior, and finally analyzing associations between note-taking
behavior and learning outcomes. SPSS software (version R24.0.0.0) was used
for all analyses.

4.1 Characteristics of User Note-Taking Behavior

4.1.1 Descriptive Statistics of Note-Taking Behavior Descriptive statis-
tics for all note-taking variables are shown in Table 4 .

Regarding note-taking strategies, linear technique showed low right skew and
flat kurtosis, indicating most participants slightly favored traditional recording
techniques, with varying degrees of linear technique use across notes. Among all
notes, 54 (86%) adopted the buildup accumulation pattern, while only 9 (14%)
adopted the boil-down pattern, indicating that participants more commonly
accumulated text content progressively, with only a minority adopting a “collect
first, refine later” approach.

Regarding note quality, word count and unit count showed high right skew and
high kurtosis, indicating most notes had relatively few words and units, with a
few notes having large volumes and very concentrated distributions. Average
unit length showed a normal distribution, indicating different notes’ average
unit lengths followed a normal pattern. Text selection degree showed low left
skew and flat distribution, indicating slightly more notes made relatively fine
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selections of original web text, with varying selection fineness across notes. Con-
tent transformation degree showed moderate right skew and flat distribution,
indicating more notes did not deeply process original web content, with vary-
ing processing degrees across notes. Position reorganization degree showed high
right skew and peaked distribution, indicating most notes did not reorganize web
text positions at scale, with most units maintaining original positions and con-
centrated distributions. Organization degree showed low right skew and peaked
distribution, indicating more notes had low organization and structuring, with
free structures and concentrated distributions. Coverage degree showed high
right skew and high kurtosis, indicating most notes involved few information
sources with very concentrated distributions. Integration degree showed high
right skew and peaked distribution, indicating most notes did not deeply inte-
grate information sources, with concentrated distributions.

4.1.2 User Note-Taking Patterns Cluster analysis was performed based on
10 continuous variables from note-taking variables to explore user note-taking
patterns. Before clustering, exploratory factor analysis was conducted. The
KMO value was 0.560 (>0.5), and Bartlett’s test of sphericity was significant
(p < 0.001), indicating factor analysis was appropriate. The sample-to-variable
ratio was 6.3, exceeding the reference standard of 4 [44], suggesting good factor
analysis results.

Principal component analysis with varimax rotation extracted three factors with
eigenvalues >1, explaining 80.369% of variance, exceeding the 40% standard
[45]. After rotation, item loadings ranged from 0.716 to 0.934, all exceeding the
minimum requirement of 0.5, as shown in Table 5 .

Factor 1: Higher values represent longer notes with longer average unit lengths,
and coarser selection and processing of original web text (direct large-scale col-
lection). This factor was named “Rough Collection Degree.”

Factor 2: Higher values represent notes covering more information sources
with deeper integration and more extensive reorganization of original web text
positions. This factor was named “Multi-Source Integration Degree.”

Factor 3: Higher values represent higher organization degrees in notes and
greater use of linear recording techniques. This factor was named “Linear Or-
ganization Degree.”

Factor scores from SPSS were saved. For easier interpretation, Factor 1 was
reversed and renamed “Fine Collection Degree,” where higher values indicate
finer selection and processing of original web text and shorter lengths and unit
lengths.

Based on these three factors, K-means clustering was applied to the 63 notes.
After adjustment, K=3 was selected based on “Fine Collection Degree” and “Lin-
ear Organization Degree,” dividing notes into three clusters. One-way ANOVA
showed significant differences across the three clusters on both variables (p <
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0.001), indicating valid clustering results. Table 6 describes the three patterns:

(1) Rough Collection-Linear Structure (RC-LS): n=12 (19%). This pat-
tern had far lower fine collection degree (-1.276) than the other two patterns but
higher linear organization degree (0.919). Notes made coarse selections of orig-
inal web text without deep processing, using shallow processing strategies, but
had longer lengths and unit lengths. Text was highly organized with extensive
use of list-based linear recording techniques.

(2) Fine Collection-Linear Structure (FC-LS): n=15 (24%). This pattern
had far higher fine collection degree (0.815) than the other two patterns and
the highest linear organization degree (1.006). Notes made fine selections of
original web text with deep processing, had shorter lengths and unit lengths, and
featured highly organized text with extensive use of list-based linear recording
techniques.

(3) Free Structure (FS): n=36 (57%), the most frequent pattern. This pat-
tern had moderate fine collection degree (0.086) but far lower linear organization
degree (-0.725) than the other two patterns. Notes made moderate selections
and processing of original web text, had medium length and short unit lengths,
but featured low organization with free structures. Participants primarily used
traditional recording techniques, simply recording notes in the order text was
encountered during tasks.

4.2 Association Between Search Context and Note-Taking Behavior

Associations between search context variables and note-taking patterns were
examined, with significant results shown in Tables 7 and 8 .

First, the three patterns differed significantly on multiple variables reflecting
pre-search knowledge level, including pre-search word count (p = 0.030), pre-
search knowledge point count (p = 0.006), pre-search knowledge facet count
(p = 0.001), pre-search knowledge breadth (p = 0.004), pre-search knowledge
relevance (p = 0.010), pre-search task familiarity (p = 0.039), and pre-search
perceived task difficulty (p = 0.028). Pairwise comparisons showed that RC-
LS > FS was significant for word count, knowledge point count, knowledge
facet count, knowledge breadth, knowledge relevance, and task familiarity, and
RC-LS > FC-LS was also significant for knowledge relevance. This indicates
that participants adopting the RC-LS pattern, compared to those adopting the
other two patterns (especially FS), had more prior knowledge, including more
knowledge points, broader knowledge facets, and greater task familiarity.

Second, note-taking patterns were significantly associated with task type (Pear-
son chi-square test, p = 0.014). Comparing actual versus expected counts, in
receptive learning tasks, FC-LS actual counts were significantly higher than
expected, while FS actual counts were significantly lower than expected. In crit-
ical learning tasks, FC-LS actual counts were significantly lower than expected,
while FS actual counts were significantly higher than expected. This indicates
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participants were more likely to adopt the FC-LS pattern in receptive tasks and
less likely to adopt the FS pattern, with the opposite pattern in critical tasks.

4.3 Association Between Note-Taking Behavior and Learning Out-
comes

Associations between note-taking patterns and learning outcome variables were
examined, with significant results shown in Table 9 . The three patterns did
not differ significantly on variables reflecting post-search knowledge level, but
showed significant differences on two variables reflecting knowledge learning
efficiency: content mastery rate (p = 0.004) and knowledge facet mastery rate
(p = 0.002). Pairwise comparisons showed that FC-LS > RC-LS and FS >
RC-LS were both significant for both content mastery rate and knowledge facet
mastery rate. This indicates that participants adopting the RC-LS pattern had
lower learning efficiency from notes, including lower mastery of note content and
fewer knowledge facets mastered per unit, while the other two patterns did not
differ significantly in learning efficiency.

Discussion
Under learning-related search conditions, this study addressed three questions:
characteristics of users’ note-taking behavior during search, associations between
search context and note-taking, and associations between note-taking and learn-
ing outcomes.

First, this study measured note-taking behavior from multiple dimensions
including both form and content, revealing overall characteristics of users’
recording behaviors. Three note-taking behavior patterns were identified:
“Rough Collection-Linear Structure,” “Fine Collection-Linear Structure,” and
“Free Structure.” The first two patterns share highly organized text with
extensive use of list-based linear recording techniques, differing in that RC-LS
involves direct large-scale collection of original web text, while FC-LS involves
fine selection and deep processing. The FS pattern differs primarily in its low
organization and free structure, with participants primarily using traditional
recording techniques in the order text was encountered. This pattern was most
frequently used, likely because traditional techniques are simple, align with
user habits, and allow following the search flow [46].

Second, this study examined associations between search context and the three
note-taking patterns. Regarding personal characteristics, users with more prior
knowledge tended toward the RC-LS pattern, while those with less prior knowl-
edge favored the FS pattern. This aligns with existing literature showing that
incomplete topic understanding leads to structural uncertainty and that lack of
topic knowledge affects complex structure use [46]. No association was found
between cognitive style and note-taking behavior, consistent with findings that
cognitive style primarily affects search behavior while topic familiarity mainly
affects recording behavior [39]. Regarding task characteristics, participants were

chinarxiv.org/items/chinaxiv-202304.00797 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00797


more likely to adopt the FC-LS pattern in receptive learning tasks and less likely
to adopt the FS pattern, with the opposite in critical learning tasks. This may
relate to prior knowledge effects, as participants in this study had significantly
higher pre-search knowledge levels for receptive tasks.

Third, this study examined associations between the three note-taking patterns
and learning outcomes. The finding that the RC-LS pattern led to lower learn-
ing efficiency aligns with generative theory. Notes with high generation degrees
promote learners’ active integration of new knowledge with existing knowledge,
paraphrasing, organizing, and finding meaning in new material [47], thereby
deepening thinking, strengthening summarization, optimizing perception, main-
taining attention, and facilitating memory [14]. Under learning-related search
conditions, load theory of attention and cognitive control further explains this
generative theory. On one hand, search tasks occur in rich internet environ-
ments full of irrelevant distracting information, posing great challenges to atten-
tion concentration. As an active reading strategy, note-taking can strengthen
learners’ perception in selecting and extracting relevant information, increase
active attentional selection, and inhibit task-irrelevant stimuli [30-31]. On the
other hand, learning-related search tasks involve complex information processing
and decision-making, requiring extensive higher-order cognitive abilities. When
reading and comprehending new information, note-taking helps learners exter-
nalize thoughts and express them clearly, thereby controlling cognitive load [33].
Therefore, the RC-LS pattern with low generation degree led to lower learning
efficiency compared to the other two patterns with higher generation degrees.

These findings reveal an interesting phenomenon: users with more prior knowl-
edge tended to adopt the RC-LS pattern, which ultimately led to lower learning
efficiency. Users with the highest prior knowledge, focusing on large-scale in-
formation collection and linear text organization while neglecting selection and
processing of original web information, achieved the worst learning efficiency.
This reflects the Dunning-Kruger effect, where users often overestimate their
knowledge levels after obtaining information through search engines, mistak-
enly believing that knowledge acquired from the internet exists in their own
minds [48]. In reality, they have not truly learned this knowledge; the ease of
information access creates this illusion.

Conclusion
This study explored the impact of note-taking behavior on learning outcomes in
learning-related search processes, while analyzing characteristics of note-taking
behavior and the influence of search context. First, while SAL-related research
has focused on how query formulation and reading behaviors affect learning
outcomes, this study examined note-taking as an information use behavior, en-
riching limited exploration in this area. Second, previous note-taking research
has primarily been in educational classroom settings, with limited attention
to search scenarios. This study examined note-taking in search contexts from
multiple dimensions including form and content, 弥补了已有研究中关注维度有限
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的缺陷，将教育学中的研究方法应用于搜索行为研究，对搜索行为研究方法进行拓展和创新。
Finally, note-taking behavior can explicitly reflect when and how learning pro-
cesses occur during search, externalizing relatively implicit learning processes.
This study’s findings further extend and deepen current understanding of user
learning processes.

The study also has practical value. The findings identify user note-taking pat-
terns and their associations with search context and learning outcomes, inspiring
search systems to improve note-taking services from a learning support perspec-
tive. For example, systems could monitor users’ note-taking patterns to infer
search context and learning efficiency, or recommend appropriate note-taking
patterns based on search context to guide users toward patterns that enhance
learning efficiency, thereby supporting effective learning during search.

Due to time and resource constraints, this study has limitations. First, partici-
pants were limited to Peking University students, which may affect generalizabil-
ity. Future research should expand the sample range to test result robustness.
Second, some variables were obtained through coding analysis, which involves
subjectivity, and only 13% of samples were used for reliability testing, which
may affect variable reliability. Future research should sample more extensively
to further verify coding reliability. Finally, as an exploratory study, this paper
only provides preliminary insights for improving note-taking services in search
systems; future research should explore specific methods and tools for imple-
menting such improvements in actual search systems.
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