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Abstract

[Purpose/Significance] In the context of learning-oriented search, this study ex-
plores interaction behavior indicators that exert stable and significant influence
on reflecting users’ perceived task difficulty. [Method/Process] Behavioral exper-
iments were conducted within classroom teaching settings, with students from
the “Information Technology Application” course serving as research subjects.
Five search tasks were assigned and processes were recorded using Morae soft-
ware, yielding 170 valid retrieval behavior data entries from 39 students. Based
on screen recording data and task difficulty perception evaluation data, behav-
ior indicators exhibiting significant differences across difficulty levels were ana-
lyzed. Combined with two experimental datasets from 2016 and 2017 conducted
by the research group, and through horizontal comparison with existing related
research findings, the stability of behavior indicators showing significant differ-
ences under varying task difficulties was summarized. [Results/Conclusions] A
stable behavior indicator system comprising 26 indicators was ultimately ob-
tained. Behavioral characteristics of users under difficult tasks were described
from the perspectives of exploratory search process and behavior types, and
directions for future research were identified.
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Abstract: [Purpose/Significance] Against the backdrop of learning-related
search, this study explores interactive behavior indicators that have sta-
ble and significant influence on reflecting users’ perceived task difficulty.
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[Method/Process] Relying on classroom teaching, behavioral experiments were
conducted with students from the “Information Technology Application” course
as research subjects. Five search tasks were assigned, and Morae software was
used for process recording. A total of 170 valid retrieval behavior records from
39 students were collected. Based on screen recording data and task difficulty
perception evaluation data, behavioral indicators showing significant differences
under varying difficulty levels were analyzed. Combined with data from two
experimental studies conducted by the research team in 2016 and 2017, as well
as findings from existing related research, horizontal comparisons were made
to summarize the stability of behavioral indicators that showed significant
differences across different task difficulty levels. [Result/Conclusion] A stable
behavioral indicator system with 26 indicators was ultimately obtained. The
characteristics of user behavior under difficult tasks are described from the
perspective of exploratory search processes and behavior types, and directions
for future research are identified.
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Exploring the connections between multi-dimensional attribute characteristics
of tasks and observable features of search interaction processes has become a
research hotspot in the field of interactive information retrieval in recent years
[1]. Task difficulty is one of the important attributes of tasks [2-3], influencing
retrieval interaction behavior, retrieval performance, and retrieval experience
[4]. In learning-related search, task difficulty also affects learning outcomes and
learning experience during the search process [5]. Difficulty generally refers
to the level of difficulty or ease of an item (such as a task or question) [6].
Users’ perception of search task difficulty may stem from various difficulties in
the search process and is related to users, tasks, and the interaction process
[7], including difficulties in understanding information needs, conducting search
processes, and interpreting result relevance [8]. To improve users’ search per-
formance, search experience, and learning gains, researchers have explored the
relationship between task difficulty attributes and retrieval behavior, aiming to
construct task difficulty prediction models based on retrieval behavior to provide
references for retrieval systems to timely understand users’ search intentions and
dilemmas and offer corresponding interventions and support [9-12].

In terms of information search task difficulty, many researchers have conducted
a series of studies. Previous work by this research team has carried out a
systematic review [13]. It can be seen that many studies have explored the char-
acteristics and patterns of retrieval behavior under different task difficulty levels
from perspectives such as reasons for task difficulty, web information retrieval,
and retrieval of resources with specific topics or media types, as well as task dif-
ficulty prediction based on behavior. These studies mostly selected behavioral
indicators from aspects such as query, browsing, click, and save, with some re-
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search also incorporating retrieval strategies [14], search paths [15], and other
features. Some researchers have comprehensively considered behavioral charac-
teristics from a temporal stage perspective [11]. These studies often collected
data through laboratory research and conducted correlation analysis between
behavioral data and difficulty evaluation data. However, findings from different
studies are not entirely consistent. For example, in two studies by C. Liu et
al. [11-12], it was found that users viewed more content pages in simple tasks
than in difficult tasks; whereas in studies by J. Arguello [9], J. Gwizdka and I
Spence [15], and J. Kim [16], it was found that users viewed more web pages in
difficult tasks. Which retrieval behavior indicators can better distinguish user
states under different task difficulty perceptions? This affects the reliability and
stability of subsequent task difficulty prediction based on behavior. Currently,
few researchers have conducted comparative work across multiple experiments.
Therefore, this study combines three different information retrieval behavior
experiments and conducts comprehensive horizontal comparisons with findings
from similar studies to identify more stable behavioral indicators that have sig-
nificant influence on task difficulty perception, providing references for future
prediction work.

2 Research Design
2.1 Research Questions

This study uses learning-related search as the background, combined with ac-
tual course teaching, to conduct retrieval behavior experiments. By collecting
students’ behavioral data and task difficulty perception data when completing
search tasks, it analyzes behavioral indicators that significantly influence diffi-
culty perception and compares findings with different experiments to evaluate
indicator stability. Specific research questions include: (1) Do retrieval behav-
ior characteristics of query, click, mouse, view, and time categories, as well as
search strategy characteristics, show significant differences in search processes
with different task difficulty perceptions? (2) Among the significant indicators
found in (1), which behavioral indicators have better stability in reflecting task
difficulty perception across different experimental studies?

2.2 Retrieval Behavior Indicators

Based on existing research [9-11], this study established five categories of re-
trieval behavior: query, click, mouse, view, and time. Combined with retrieval
strategy types proposed by R. Fidel [17], these were divided into operational
and conceptual aspects. Operational strategies refer to operations that adjust
retrieval result sets through retrieval system functions, while conceptual strate-
gies refer to operations that adjust retrieval result sets by modifying the con-
ceptual meaning of retrieval queries. Additionally, web pages browsed by users
were categorized into three types: “login page” before entering search terms,
“SERP page” displaying retrieval result lists, and “Doc page” displaying sum-
maries or full text of single retrieval results. Therefore, this study constructed a
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retrieval behavior indicator system with 7 feature categories and 50 behavioral
indicators: query features (10 items), click features (6 items), mouse features (9
items), view features (6 items), time features (14 items), operational strategies
(1 item), and conceptual strategies (4 items). Specific behavioral indicators are
shown in Table 1 .

2.3 Task Design

This study recruited undergraduate students from the university-wide general
education course “Information Technology Application,” which mainly teaches
Access database and VBA programming-related knowledge to lower-level under-
graduates. The research team (hereinafter referred to as “the team”) collected
questions commonly concerned by students in previous years, combined with
task designs from existing research, and drew on educational objective classi-
fication [18] and characteristics of cognitive complexity in interactive retrieval
tasks [19] to design four categories of learning-related search tasks: understand-
ing, analysis, evaluation, and creation, with five specific tasks. Task descriptions
are shown in Table 2 .

2.4 Data Collection

This experiment (the third experiment) was conducted in the spring 2020
semester of the “Information Technology Application” course. In the first
class, tasks were distributed as homework assignments. Students used Morae
software to record the process of information retrieval and homework writ-
ing. Before completing the assignments, a 5-point Likert scale was used to
collect students’ perceptions of task difficulty, familiarity, and interest. After
completing each retrieval task, a 5-point Likert scale was also used to collect
students’ perceptions of task difficulty, reasons for difficulty, and retrieval
performance (including relevance, usefulness, confidence level, and sense of
success). A total of 39 students submitted assignments, including 10 males and
29 females. Among them, 36 were from the School of Government, 2 from the
School of Economics and Business Management, and 1 from the Law School.
Additionally, 36 were freshmen, 2 were sophomores, and 1 was a junior. All
students used personal computers to record their search processes with Morae.
Due to Morae software lagging and restarting, some task process recordings
were incomplete. The actual collection yielded 170 valid retrieval behavior
records.

Because of Morae recording frequency issues, six behavioral indicators had cer-
tain missing data: SERP page mouse scrolling down behavior, SERP page
mouse scrolling up behavior, Doc page mouse scrolling down behavior, Doc page
mouse scrolling up behavior, mouse movement distance, and total document
editing duration. However, the highest missing rate for behavioral variables in
the experiment was 32.35%, which is below the missing value threshold [20].
Therefore, based on comparative analysis of various missing data processing
methods [21], this study selected the EM algorithm proposed by A.P. Dempster
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et al. [22] to fill in missing behavioral variables caused by recording software
issues.

Furthermore, this study comprehensively utilized two previous experimental
studies by the team: (1) Experiment One [23] was conducted in 2016, designing
three categories of five tasks (factual, exploratory, and abstract) based on task
complexity [24], and randomly recruited 30 students for laboratory research.
The subjects included 5 males and 25 females, with 8 undergraduates and 22
graduate students from 6 schools including the School of Government and the
School of Geography. (2) Experiment Two [25] was conducted in 2017, designing
five categories of five tasks (memory, understanding, analysis, evaluation, and
creation) based on the educational objective classification method [18], and ran-
domly recruited 30 students for laboratory research. This experiment included 9
males and 21 females, with 16 undergraduates and 14 graduate students from 21
schools. Both experiments collected users’ evaluations of task difficulty percep-
tion before and after task completion, as well as behavioral data from the search
process. This study uses data from three experiments and conducts horizontal
comparative analysis with findings from similar studies to identify more stable
behavioral indicators that influence task difficulty perception across different
experimental tasks and subject compositions. For concise expression, “Experi-
ment One” refers to the 2016 study, “Experiment Two” refers to the 2017 study,
and “Experiment Three” refers to the latest study conducted in this paper.

3 Data Analysis and Discussion
3.1 Basic Task Difficulty Perception

Using users’ post-retrieval ratings of task difficulty as the basis for judging per-
ceived task difficulty, the overall difficulty levels across the three experiments
were comparable. The distribution of task difficulty and overall mean and stan-
dard deviation for the three experiments are shown in Table 3 .

3.2 Analysis of Significant Behavioral Indicators

In the three experiments, post-retrieval task difficulty evaluations were selected.
Ratings of 4 and 5 were classified as difficult tasks, 3 as moderately difficult, and
1 and 2 as easy tasks. All three experimental datasets used the Kruskal-Wallis H
test method to compare differences and significance in users’ retrieval behaviors
across different difficulty tasks. Table 4 lists the values of behavioral indicators
showing significant differences under different task difficulty levels across the
three experiments.

Based on analysis of the three experimental datasets: (1) Among 6 query in-
dicators, 4 showed significant differences across different difficulty tasks in all
three experiments, all demonstrating significantly higher behavior counts under
high-difficulty tasks compared to low-difficulty tasks. (2) Among 5 click indi-
cators, 2 showed significant differences, also demonstrating significantly higher
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behavior counts under high-difficulty tasks. However, behavioral differences be-
tween moderately difficult and highly difficult tasks were not always significant,
though differences between easy tasks and non-easy tasks were significant. (3)
Among 7 mouse indicators, behavioral data from the first two experiments were
incomplete. Comparisons between Experiment One and Three, and between Ex-
periment Two and Three, showed that although these indicators demonstrated
differences across task difficulty levels, their patterns were not entirely consis-
tent. For example, moderately difficult tasks showed significantly higher “Doc
page mouse scrolling down behavior” than easy and difficult tasks, not follow-
ing a consistent increasing pattern from easy to difficult. (4) Among 5 view
indicators, all showed significant differences across different difficulty tasks in
all three experiments, with significantly lower behavior counts under easy tasks
compared to moderate and difficult tasks. (5) Among 7 time indicators, 3
showed significant differences across different difficulty tasks, all demonstrating
significantly longer durations under difficult tasks compared to easy tasks. (6)
Among 4 retrieval strategy indicators, 2 showed significant differences across dif-
ferent difficulty tasks in all three experiments, also demonstrating significantly
higher usage under difficult tasks.

Indicators showing significant differences across different task difficulty percep-
tions in all three experiments are termed stable indicators, while others are
classified as unstable indicators and eliminated. This resulted in 26 stable be-
havioral indicators. These indicators signify characteristics that reflect users’
difficulty perception differences across different experimental task contexts. Ad-
ditionally, this study conducted horizontal comparisons between the 26 indica-
tors and existing research literature and findings. Indicators with consistent
influence directions of task difficulty perception on retrieval behavior are called
common indicators, inconsistent ones are called difference indicators, and those
not appearing in existing research are called new indicators.

To analyze the relationship between retrieval behavior indicators and ex-
ploratory search processes, this study draws on the two basic processes of
browsing and focused searching proposed by R.W. White et al. [26], catego-
rizing retrieval behaviors into exploratory browsing and focused searching.
Exploratory browsing mainly includes discovering, learning, and investigating,
while focused searching mainly includes query reformulation and result analysis.
As shown in Table 5 , the 26 retrieval behavior indicators are categorized into
initial retrieval and retrieval process stages, with the retrieval process further
divided into focused searching and exploratory browsing.

3.3 Discussion
As shown in Table 5:

(1) From the perspective of users’ interpretation of tasks and conception of
retrieval strategies at the initial stage, users spent significantly longer time
on the retrieval login page (the duration from opening the retrieval inter-
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face to entering search terms and clicking search) under difficult tasks,
reflecting that users need more time to contemplate and think about re-
trieval strategies. C.C. Kuhlthau [33] also noted in the ISP model that at
the beginning of task execution, users have a vague sense of uncertainty
about retrieval goals. When users feel they may lack required domain
knowledge or are not proficient, they perceive greater task difficulty and
exert more effort to solve the problem [34]. Therefore, they may spend
longer time on understanding task descriptions, connecting existing do-
main knowledge, selecting keywords, constructing search queries, select-
ing information sources, and anticipating retrieval results. Regarding the
“total login page duration” indicator, similar indicators exist in previous
research but are not identical. This study defines “login page” as the re-
trieval interface before entering search terms, while J. Arguello [9] defined
“loading page” as the time to open pages after clicking retrieval results,
more similar to part of Doc page browsing. Therefore, this is considered
a new indicator.

(2) From the perspective of task retrieval execution, users continuously con-
duct retrieval attempts and make selections while viewing, analyzing, and
comparing retrieval results. Multiple studies have found behavioral indi-
cators with significant differences between difficult and easy tasks in this
process.

First, in focused searching, 13 behavioral indicators significantly distinguish
different task difficulty levels, including 9 common indicators and 4 new indi-
cators. When facing more difficult tasks, users’ query and click behaviors are
significantly more frequent than under easy tasks. Under difficult tasks, users
continuously adjust and reformulate search queries, use more different search
terms, and show significantly higher result click counts, page-turning counts,
and click percentages during queries compared to easy tasks. This indicates
that users view more information and click more frequently during queries.
Similarly, A. Inthiran et al. [28], J. Arguello [9], J. Liu et al. [11], A. Aula
[27], and O. Dan [29] all found that users make significantly more queries in
difficult tasks than in easy tasks. J. Arguello [9], J. Liu et al. [11], A. Aula
[27] showed that query length and number of query terms are higher in diffi-
cult tasks. Moreover, users demonstrate more retrieval adjustments in difficult
tasks. J. Kim’s research also found that users’ retrieval adjustment frequency
significantly increases in difficult tasks [16]. As task complexity increases, the
number of retrieval adjustment operations also increases [14].

In addition to specific retrieval behavior indicators, this study added 4 indicators
from retrieval strategies, all of which can distinguish task difficulty. In opera-
tional strategies, difficult tasks mainly manifest as users employing more diverse
information source types, including different platforms and different functional
areas within the same platform. For conceptual strategies, when handling diffi-
cult tasks, users more carefully extract retrieval terms from task descriptions and
are inspired during the search process to propose more meaningful query terms
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not mentioned in the task description. These new query terms may come from
users’ learning or divergent thinking about results, or from system-recommended
resources. X. Niu and D. Kelly [35] explored users’ use of retrieval systems with
query suggestion functions, finding that participants incorporated query sugges-
tions very quickly, and users with less professional knowledge and experience
used more query suggestions and saved more documents. Participants also used
more query suggestions in more difficult tasks.

Second, in exploratory browsing, 12 behavioral indicators significantly distin-
guish different task difficulty levels, including 8 common indicators, 3 new in-
dicators, and 1 difference indicator. Common indicators show that when com-
pleting difficult tasks, users’ maximum depth of result viewing, mouse hover
counts on potentially useful information, view counts of all SERP pages and
unique SERP pages, and total web page counts and unique web page counts are
all significantly higher than in easy tasks. Additionally, SERP dwell time and
total task duration are significantly longer in difficult tasks. These behaviors
are basic activities for users to study, filter, and judge result relevance. Evi-
dently, longer reading time on result pages and viewing more different results
may indicate users’ difficulty perception at that time. Similarly, J. Arguello [9],
X. Hu and N. Kando [31], and L. Fraser and C. Locatis [30] all found that users’
mouse click counts significantly increase in difficult tasks. J. Arguello [9] found
that mouse and scrollbar operations occur more frequently in difficult tasks. J.
Arguello [9], J. Liu et al. [11], X. Hu and N. Kando [31], D. Hienert et al. [32],
J. Gwizdka and I. Spence [15], A. Inthiran et al. [28], and J. Kim [16] all found
that users spend significantly more time on difficult tasks than easy tasks.

Based on common indicators, this study added 3 new indicators. The “average
mouse hover ranking” indicator was optimized based on previous research. Its
significant results indicate that in difficult tasks, users conduct deeper brows-
ing of result lists rather than just browsing top-ranked results. Additionally,
this study distinguished between SERP page and Doc page dwell times, com-
prehensively calculating “total web page dwell time.” The significant results
of this indicator also reflect users’ cognitive effort in browsing, understanding,
and learning search content. Meanwhile, “total document editing duration” is
a new indicator specific to the learning-related search conducted in this study,
reflecting users’ cognitive effort in information integration and summarization
to complete task objectives, also showing that users spend significantly longer
time and effort on difficult tasks than easy tasks.

In exploratory browsing, there is also 1 difference indicator: “total number of
unique Doc pages viewed.” J. Liu et al. [11] found that “total number of unique
Doc pages viewed” showed a decreasing trend with increasing task difficulty.
Comparing the task designs of the two experiments, the experiments conducted
by this team either required users to answer questions or complete research
report writing, which created higher demand for viewing Doc pages. In contrast,
the studies by J. Arguello [9] and J. Liu et al. [11] only required users to save
or mark relevant results, which may be the reason for the experimental result
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differences.

Based on the above discussion, through multiple experimental comparisons and
horizontal comparisons with similar studies, this study summarizes behavioral
indicators with significant effects on task difficulty perception judgment under
different research conditions, helping to reveal more stable relationships between
task difficulty perception and retrieval behavior. This lays a foundation for fur-
ther quantitative mapping and research, and provides references for behavioral
feature selection and weight design in future task attribute prediction research.
Simultaneously, combined with analysis of typical exploratory search processes,
theoretical support is provided for explaining how these behaviors reflect task
difficulty perception.

This study integrated literature review and previous research foundations, con-
ducted experimental research relying on classroom teaching, used students from
the “Information Technology Application” course as research subjects, and uti-
lized Morae software to conduct remote retrieval behavior experiments, collect-
ing 170 valid retrieval behavior records from 39 students. Based on screen
recording data and task difficulty perception evaluation data, behavioral indi-
cators showing significant differences under different difficulty levels were ana-
lyzed. Combined with experimental results from studies conducted by the team
in 2016 and 2017, as well as comprehensive comparisons with existing related
research findings, 26 behavioral indicators with significant influence on distin-
guishing task difficulty perception across different studies were summarized.

In social science experimental research, repeating and reproducing identical ex-
perimental environments and conditions faces many difficulties and challenges.
For example, participants recruited for experiments have subjectivity and indi-
vidual differences, and task designs used as experimental stimuli have difficul-
ties in precisely measuring and controlling the degree of difficulty that triggers
participants’ difficulty perception. However, through comparisons of three ex-
perimental results, it can be seen that using a five-level scale to measure subjec-
tive task difficulty perception, conducting experiments with unified laboratory
machines versus personal computers, can still reveal highly stable retrieval be-
havior indicators under different experimental task designs. These indicators
show significant differences across different task difficulty perceptions, laying a
foundation for more stable task difficulty perception prediction. Future research
can also more deeply explore factors affecting indicator stability, different fea-
ture combination methods, or combine temporal dimensions to explore model-
ing strategies and methods for difficulty prediction based on retrieval behavior.
Moreover, future research can combine specific retrieval context characteristics
to establish quantitative mapping relationships between users’ task difficulty
perception and multi-level, different granularities of retrieval behavior, achiev-
ing task difficulty identification and judgment functions based on behavior to
embed in information systems. This would enable retrieval systems to not only
capture users’ potential search difficulties and provide timely interventions and
adjustments through implicit user observation but also optimize task assignment
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mechanisms, allowing users to continue and complete search tasks as much as
possible within their capabilities, avoiding withdrawal or cessation due to task
difficulty.

The main limitation of this study is that although multiple rounds of experi-
ments were conducted and comparisons were made with similar studies, reveal-
ing relatively stable relationships between task difficulty perception and retrieval
behavior across different studies, the overall scale of experimental subjects was
relatively limited, which has certain limitations in overall sample representa-
tiveness and requires testing in larger-scale search contexts. Additionally, most
laboratory research task designs come from experimenter assignments, which
are somewhat distant from users’ real tasks. Therefore, subsequent log data
comparisons and validations could better test the universality of the behavioral
indicators extracted in this study for judging users’ task difficulty perception.
Furthermore, existing indicators are all cumulative results of retrieval processes,
providing insufficient real-time reflection of task difficulty perception during re-
trieval processes, and differences in the degree of difficulty perception distin-
guished by different indicators are not considered. Future research can conduct
more fine-grained studies on task difficulty perception and its changes during
search processes, and explore patterns related to retrieval behavior more deeply.
Simultaneously, richer observable data such as eye-tracking, facial expressions,
and logs can be combined to provide support for task difficulty analysis, pro-
moting information retrieval systems’ capture of users’ search cognition and
emotional states, and improving users’ retrieval performance and experience.
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Abstract: [Purpose/significance] This study uses learning-related search as the
background to explore interactive behavior indicators that have stable and signif-
icant impact on users’ perception of task difficulty. [Method/process| Relying on
classroom teaching, behavioral experiments were conducted with students from
the “Information Technology Application” course as research subjects. Five
search tasks were assigned, and Morae software was used to record the process
remotely. A total of 170 valid retrieval behavior records from 39 students were
collected. Based on screen recording data and task difficulty perception evalu-
ation data, behavioral indicators showing significant differences under different
difficulty levels were analyzed. Combined with experimental data from two stud-
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ies conducted by the research team in 2016 and 2017, as well as findings from
existing related research, horizontal comparisons were made to summarize the
stability of behavioral indicators showing significant differences across different
task difficulty levels. [Result/conclusion] Finally, a stable behavioral indicator
system with 26 indicators was obtained. The characteristics of user behavior in
difficult tasks are described from the perspective of exploratory search processes
and behavior types, and future research directions are identified.

Keywords: task difficulty; search behavior; interactive information retrieval;
experimental study

Note: Figure translations are in progress. See original paper for figures.
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