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Abstract

Purpose/Significance: Ranking search results in a linear list format based on
relevance scores is the predominant approach employed by most information
retrieval systems. Although existing research has theoretically criticized the
limitations of this approach, pointing out that sequentially examined and read
documents mutually influence one another, no empirical study has further in-
vestigated the contextual factors underlying order effects in relevance judgment.
Method/Process: To address this gap, a 2§x2x$2 between-subjects experiment
was conducted, recruiting eighty participants who each completed experimental
tasks on four topics. Data were collected via questionnaires and other means
before and after the experimental tasks, and multiple analytical methods in-
cluding chi-square tests, violation of the total probability formula, and the QQ
equation were employed to investigate order effects in relevance judgment and
the influence of contextual factors such as inter-document relationships and
document presentation formats. Results/Conclusion: The results demonstrate
that document presentation order affects relevance judgment, and this effect
varies depending on inter-document relationships and document presentation
formats. Specifically, documents with mutually exclusive relationships are more
susceptible to order effects in relevance judgment than those with complemen-
tary relationships; additionally, document snippets are more susceptible to such
order effects than full-text documents. Although this study has certain limita-
tions, its conclusions provide implications for the theory, practice, and research
methodology of text information retrieval.
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Abstract: [Purpose/Significance] Ranking search results linearly based on
relevance scores is the primary approach adopted by most current informa-
tion retrieval systems. Although existing research has theoretically criticized
the limitations of this method, pointing out that examined and read docu-
ments mutually influence each other, no empirical studies have further inves-
tigated the contextual factors underlying order effects in relevance judgment.
[Method/Process] To address this gap, this study employed a 23 x2x $2 between-
subjects experimental design, recruiting 80 participants who each completed ex-
perimental tasks across 4 topics. Data were collected through questionnaires
administered before and after task completion, and analyzed using multiple
methods including chi-square tests, violations of the law of total probability,
and QQ equality to explore order effects in relevance judgment and the influ-
ence of contextual factors such as inter-document relationships and document
presentation formats. [Result/Conclusion] The results indicate that document
presentation order affects relevance judgment, and this effect varies depend-
ing on inter-document relationships and presentation formats. Specifically, the
study found that compared to documents with complementary relationships, the
presentation order of documents with contradictory relationships more strongly
influences relevance judgment. Additionally, compared to full-text documents,
the presentation order of document snippets more readily affects relevance judg-
ment. While this study has certain limitations, its conclusions offer theoretical,
practical, and methodological insights for textual information retrieval.

Keywords: relevance judgment; order effect; inter-document relationship; doc-
ument presentation type; quantum cognition

1 Literature Review

1.1 Position Factors in Search Result Relevance Judgment Since infor-
mation needs are inherently subjective and difficult to define clearly, relevance
is strongly user-oriented while also being a multi-dimensional and measurable
concept. In information retrieval systems that primarily use list-based ranking,
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the position or order of documents in search result lists affects users’ perception
and evaluation of relevance. Existing research has examined how search result
ordering influences user behavior such as examination and clicking, which can be
considered an indirect and explicit reflection of users’ relevance assessment. This
study primarily reviews research directly investigating the impact of document
presentation order on relevance judgment.

Regarding the influence of document presentation order on user relevance judg-
ment, M. Eisenberg and C. Barry found through user experiments that users
overestimated and underestimated document relevance under ascending and de-
scending relevance orderings, respectively. Building on this, M. Huang and H.
Wang further investigated order effects and their relationship with document set
size, discovering that order significantly affected relevance judgments only for
document sets containing 15-60 items, with no significant effect for sets smaller
than 15 or larger than 60. Subsequently, Y. Xu and D. Wang conducted a
two-stage simulated user experiment where the second-stage document set and
order were determined by user behavior in the first stage, finding that order
effects existed but were small.

As relevance is a multi-dimensional concept, some studies have explored order
effects in relevance judgment from the perspective of judgment dimensions. For
example, P. Bruza and V. Chang proposed that each dimension of relevance
judgment could be viewed as a subspace in a Hilbert space. If user problem
states induced by different documents are projected onto the overall relevance
plane through different dimensions, these documents would receive different rel-
evance scores. By collecting data on 5 queries from a crowdsourcing platform
and judging each query from two dimensions (topicality, comprehensibility, in-
terest, etc.), they confirmed this hypothesis. S. Upreti and D. Song expanded
relevance from 2 to 7 dimensions and used query log data and user experi-
ments to test order effects across relevance dimensions. The results confirmed
the incompatibility between relevance dimensions and the existence of order
effects, speculating that these effects might relate to other factors. Addition-
ally, T. Damesi et al. investigated how order effects (including descending order
and identifier-based ordering) influenced inter-assessor agreement and judgment
speed, finding that document presentation order affected both agreement and
overall speed, with assessors spending less time and achieving higher consistency
when documents were ordered by identifier.

1.2 Influence of Inter-Document Relationships and Presentation For-
mats on Search Result Ranking Regarding inter-document relationships,
although early research questioned the independence assumption in information
retrieval, progress remains limited on how inter-document relationships affect
user relevance judgment and how to incorporate these relationships into re-
sult ranking. For instance, A. Bookstein noted that probabilistic deterministic
models overlooked inter-document interaction effects and argued that learning
effects from examined documents and their influence on subsequent document
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evaluation should be considered in sequential retrieval models. D. R. Swan-
son proposed several intractable assumptions in information science, one being
that documents are not independent but exist in a network of relationships,
causing corresponding judgments to exist in a “shift network.” Further, M. A.
Tiamiyu and I. Y. Ajiferuke theoretically explored how inter-document rela-
tionships affect users’ perception of individual document relevance, proposing a
document interaction model that considers three types of relationships: no rela-
tionship, substitutive relationships (such as duplication and redundancy), and
complementary relationships (discussing different but closely related aspects of
a specific topic). They recommended that future research should more deeply
explore inter-document relationships and their impact on relevance perception.

Beyond inter-document relationships, document presentation format is another
important factor to consider. FExisting research has primarily examined how
relevance judgments and applied dimensions differ across different presentation
formats of the same document, but has not explored differences in order effects
across presentation formats. For example, P. Wang et al. proposed a docu-
ment selection model describing the decision-making process from bibliographic
records to reading and citation, noting that only 51.5% and 4.9% of search re-
sults are read and cited, respectively, with different criteria applied at different
stages. P. Vakkari and N. Hakala investigated differences in document rele-
vance assessment between metadata surrogates and full-text formats, finding
that users’ application of relevance criteria varied with presentation format dur-
ing information seeking. Specifically, topical information was more important
in metadata-based judgment than in full-text judgment, while physical charac-
teristics, information type, and user context showed the opposite pattern. I. Xie
and E. Benoit examined similarities and differences in criteria usage between re-
sult list evaluation and full document evaluation, finding that more criteria and
elements were used in full-text evaluation, which also required more time. Y.
Wang et al. further used eye-tracking to compare search result list and single doc-
ument evaluation modes, finding differences in fixation patterns and transition
patterns, with full-text documents providing more information and generating
stronger learning effects than metadata formats.

1.3 Order Effects in Human Judgment and Cognitive Psychology Ex-
planations In the field of human judgment and decision-making, researchers
have deeply investigated and explained the psychological and cognitive mecha-
nisms underlying order effects, proposing corresponding theories. For instance,
the renowned psychologists and economists A. Tversky and D. Kahneman pro-
posed anchoring and adjustment theory in 1974 to explain judgment behav-
ior under uncertainty. This theory describes how people use initially received
numbers or information as anchors and then adjust based on subsequently en-
countered information. Subsequent research has extensively investigated this
phenomenon. R. M. Hogarth and H. J. Einhorn proposed belief adjustment
theory, interpreting order effects as resulting from belief adjustment and updat-
ing. Later research noted that belief adjustment theory’ s predictive power has
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certain limitations in tasks involving extreme evidence.

While theoretical explanations for order effect mechanisms differ, researchers
generally acknowledge the phenomenon’ s existence. Typically, the two events
triggering this effect are considered incompatible or non-commutative. Classi-
cal probability theory based on set theory (which disregards event order) has
limitations in explaining incompatible events, such as conjunction fallacies or
disjunction fallacies that are difficult to explain with traditional methods. Simi-
larly, quantum characteristics like incompatibility have prompted researchers to
reconsider classical probability or Bayesian theory, proposing quantum inference
models to explain the fuzziness or irrationality of human thought. In 1999, A.
Khrennikov began using quantum physics-related theories to explain cognitive
or social phenomena, subsequently applying quantum-like models to cognitive
decision-making and information processing (such as prisoner’ s dilemmas or
disjunction fallacies). Generally, quantum theory’ s key feature is its ability
to model and map using orthogonal subspaces in Hilbert space, providing the
capacity to explain incompatible events whose order effects cannot be explained
by traditional probability theory that ignores event sequence.

In summary, current information retrieval research on order effects in relevance
judgment has primarily focused on how presentation order affects judgment out-
comes, consistency, speed, and dimensions. However, few studies have further
explored the contexts in which these order effects occur. In particular, although
researchers have long recognized the importance of inter-document relationships
and presentation formats, no studies have examined these two factors as judg-
ment contexts to explore their potential influence on order effects. Meanwhile,
cognitive psychology and other fields have conducted extensive research on or-
der effects, providing a foundation for this study’ s exploration of order effects
and contextual factors in relevance judgment.

2 Research Design and Methods

2.1 Experimental Design and Material Selection This study involves
three main variables: document presentation order, inter-document relationship,
and document presentation format. The basic hypothesis is that presentation
order affects relevance judgment outcomes, and this influence is moderated by
inter-document relationships (complementary and contradictory) and presenta-
tion formats (full-text and snippets). First, for documents with complementary
or contradictory relationships, different presentation orders may differentially
affect relevance judgment. Second, compared to presenting only snippets, full-
text documents may produce stronger learning effects due to increased informa-
tion volume, resulting in different order effects. Therefore, this study employs a
2$x2x $2 between-subjects experimental design with eight experimental groups,
with participants randomly assigned to these groups.

The experiment requires participants to complete tasks across 4 topics. To
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balance completion time and reduce pressure from other participants, each par-
ticipant receives materials with 2 topics presented in full-text format and 2 in
snippet format. Since the complementary and contradictory relationships con-
sidered in this study primarily concern viewpoints, controversial topics are most
suitable as experimental tasks. After surveying topics used in controversial text
comprehension research and considering their appropriateness and popularity
for the experimental context, four final topics were selected (see Table 1 ).

As currently available standard datasets do not consider inter-document rela-
tionships, most experimental materials for these four topics were selected from
English Wikipedia. The primary reason is that English Wikipedia contains
dedicated entries for numerous controversial issues, organized by different per-
spectives with clear topical structures, making it relatively easy to find subtopics
with contradictory and complementary relationships. Each subtopic needed to
have a corresponding entry to construct document pairs. Nevertheless, some
topics could not meet these conditions (e.g., lacking separate encyclopedia en-
tries), so relevant news articles found through Google searches were used as
supplementary materials. To save time, ensure readability, and reduce experi-
mental fatigue, all documents were controlled to 200-300 words in length.

Topic 1: Global Warming (the causes of global warming)

Topic 2: Safety of Genetically Modified Food (the safety of genetically
modified food)

Topic 3: Smartphone Radiation (radiation of smart phone)

Topic 4: Effects of Video Games (the effects of video game)

2.2 Experimental Procedure This study recruited participants through
convenience sampling. These participants were undergraduates from a “double
first-class” university’ s information management school enrolled in a particu-
lar course, ensuring homogeneity in reading ability, English proficiency, and
professional background. With the instructor’ s consent, the experiment was
conducted after class in November 2018. Of the 90 registered students, 80 par-
ticipated. After excluding 2 students who did not submit questionnaires, 78
participants (34 male, 44 female) submitted 312 questionnaires (78 participants
x 4 tasks each). Five questionnaires with missing values were excluded, leaving
307 questionnaires for analysis.

Since experimental materials were in English, the questionnaire included ques-
tions about English proficiency. Most participants (60, 76.9%) had passed the
College English Test Band 4, indicating adequate reading skills. Additionally,
relatively difficult vocabulary items were translated into Chinese to avoid ex-
perimental bias from language barriers. A small-scale pretest was conducted
before the formal experiment to ensure material appropriateness and prevent
comprehension issues.

To reduce bias from participants’ trust in search engines, the experiment used
a paper-and-pencil format. All materials were arranged in sequence and dis-
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tributed at planned time points. To ensure compliance, researchers emphasized
that participants must follow the given material order, and two teaching assis-
tants monitored the process in real-time to prevent non-compliance.

The questionnaire included a pre-experiment section for collecting personal infor-
mation (gender, English ability, etc.) and a main survey for collecting relevance
judgments and rationales. Since quantum cognition theory’ s key assumption
holds that cognitive context changes if other questions exist before or between
target questions, producing inaccurate measurements, the pre-experiment and
main questionnaires were administered separately (before and after a 45-minute
class session) to maintain consistent cognitive contexts.

During the main experiment, participants received materials including 4 task
descriptions, 8 pre-selected documents (2 per task), and subsequent relevance
judgment items using a 4-point scale (irrelevant, not very relevant, partially
relevant, relevant). A 4-point scale was chosen because it is commonly used
in research, and prior studies found that users typically create 3-5 categories
when classifying search results. Two open-ended questions followed each rel-
evance judgment, asking participants to explain their assessments to deepen
understanding of their reasoning.

2.3 Data Analysis Methods

2.3.1 Law of Total Probability in Classical Probability Theory In
classical probability theory, events are represented as sets, with all elementary
events composed of sample spaces using Boolean logical operators. This set-
theoretic probability model, established by A. Kolmogorov in 1933, is known as
the Kolmogorov model. Its fundamental theorem is the law of total probability,
built upon conditional probability—where conditional probability refers to the
probability of event A occurring given that event B has occurred. The simplest
case occurs when event B has only two outcomes (B; and B,), as shown in
Formula (2).

Research shows that when considering quantum probability in quantum mechan-
ics, the law of total probability based on traditional Boolean logical operators
can be violated. This means that when quantum-like interference exists between
two events (i.e., event B’ s occurrence affects event A’ s probability, or the two
events are non-independent/non-commutative), event probabilities cannot be
represented using set theory. In such cases, the left and right sides of the equa-
tion are unequal. Order effects, or conjunction fallacies in probability judgment,
are typical phenomena of interference between two non-commutative events.
Therefore, this study applies the law of total probability to detect whether
quantum-like interference effects exist in order effects of relevance judgment.

2.3.2 Quantum Equality Test (QQ Test) To overcome classical proba-
bility theory’ s limitations in explaining non-commutative events, Z. Wang et
al. explored order effects in question pairs from 70 national surveys to reveal
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quantum characteristics of human cognition in judgment and decision-making.
By examining data where questions with yes/no answers were presented in differ-
ent orders, they found that the difference in the sum of main diagonal values in
contingency tables obtained under two different orders approached zero. Based
on this, they proposed the quantum question test (QQ test), with calculations
shown in Table 2 and Formula (3).

In Table 2, the A-B order represents event A preceding event B, while B-A
represents the opposite. Ar and Bn denote yes and no responses for events A
and B, respectively. Each order thus yields four possible combinations. For
example, the A-B order produces ArBr, ArBn, AnBr, and AnBn, with prob-
abilities P(ArBr), P(ArBn), P(BrAn), and P(AnBn). The QQ test examines
whether cognitive context changes induced by different orders, or whether order
effects in the first order can be offset by those in the second order. The g-value
measures this offset degree, which should approach zero when order effects exist.
The prerequisite assumption is that no factors other than the preceding event
affect the subsequent event. Some researchers suggest the QQ test is a sufficient
but not necessary condition for lack of contextuality. Overall, the QQ test is a
widely used quantum probability method that, unlike the Boolean logic-based
law of total probability, considers possible combinations of event values and is
more suitable for exploring how contextual factors affect order effects.

3 Results
3.1 Chi-Square Test Results

3.1.1 Overall and Topic-Specific Relevance Judgment Distributions
In the experiment, participants used a 4-point scale to evaluate two documents
(Document A and Document B) presented in different orders for each topic:
Document A—Document B and Document B—Document A. For Document A,
the Document A—Document B order constitutes a non-comparison scenario
where Document A’ s relevance judgment is unaffected by other documents.
The Document B—Document A order represents a comparison scenario. The
opposite applies to Document B.

Table 3 shows the contingency table for relevance judgments of Documents
A and B in comparison and non-comparison scenarios, along with differences
between scenarios. Differences primarily manifest in three ways: (1) Compared
to non-comparison scenarios, comparison scenarios show increased “relevant”
judgments and decreased “partially relevant” judgments (for overall data and
Topics T1, T4 for Document A and T3 for Document B), or increased “partially
relevant” and decreased “not very relevant” judgments (for Topic T2, Document
A)—indicating an enhancement effect; (2) Comparison scenarios show decreased
“partially relevant” judgments while both “relevant” and “not very relevant”
judgments increase (for overall data and Topics T2, T4 for Document B), with
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“not very relevant” showing more pronounced increases—suggesting simultaneous
weakening and enhancement effects; (3) Minimal differences between scenarios
(for Topic T3, Document A)—indicating no clear enhancement or weakening.

Chi-square tests examined these differences’ significance. Overall, Document B’
s relevance judgments differed significantly between scenarios ( 2 = 8.377, p =
0.039 < 0.05), while Document A’ s differences were not significant ( 2 = 4.568,
p = 0.206 > 0.05). By topic, only Topic 2 showed significant differences for
Document B (2 = 9.411, p = 0.024 < 0.05).

3.1.2 Differences Across Inter-Document Relationships and Presen-
tation Formats To test whether order effects differ across inter-document re-
lationships and presentation formats, separate chi-square tests were conducted
(see Tables 4 and 5 ). Note that while A and B represent document pairs in
both relationship conditions, the experimental materials differed, preventing
direct comparison.

Overall, order significantly affected Document B’ s relevance judgments but not
Document A’ s. Regarding inter-document relationships, when documents had
contradictory relationships, Document B’ s chi-square test was significant ( 2 =
8.363, p = 0.039 < 0.05), with Document A approaching marginal significance
(2 = 7389, p=0.06). For complementary relationships, neither document
showed significance. Regarding presentation format, snippet-format Document
B showed significant differences between scenarios (p = 0.05), while other con-
ditions were non-significant.

3.2 Violation of the Law of Total Probability Since relevance judgment
score distributions are left-skewed, with scores concentrated in highly relevant
intervals, and because this study focuses more on relevance than non-relevance
assessment, the 4-point scale was converted to a binary scale by collapsing scores
1-3 into “non-relevant” and score 4 into “relevant” for subsequent analysis.

After conversion, the law of total probability was applied to calculate proba-
bilities and differences between comparison and non-comparison scenarios (see
Table 6 ). p(r) and p(r ) represent the probability of Document i or j being
judged relevant in non-comparison scenarios. p(r |r ) is the conditional probabil-
ity of Document i being relevant given Document j is relevant, while p(r |—r ) is
the conditional probability given Document j is non-relevant. p’ (r ) is the calcu-
lated probability using Formula (2). Groups 1-4 had contradictory relationships,
while Groups 5-8 had complementary relationships.

Results show 10 of 16 differences exceeded 0.1, confirming violations of the
law of total probability and indicating that document order affects relevance
judgment. Among differences >0.1, 4 were from contradictory groups and 6 from
complementary groups, with the maximum difference being 0.34. Three negative
values, all from complementary groups, indicated reduced relevance probabilities
compared to non-comparison scenarios. A t-test analyzing differences between
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scenarios yielded p = 0.003 (df = 15) with Pearson correlation coefficient r =
0.809 (p < 0.001), confirming that document order significantly affects relevance
judgment.

3.3 QQ Equality Test For Document A—Document B or Document
B—Document A orders, four events exist: ArBr/BrAr, ArBn/BnAr,
AnBr/BrAn, and AnBn/BnAn. After data conversion, probabilities for
each event and g-values based on the QQ equality were calculated by topic,
inter-document relationship, and presentation format (see Table 7 ).

Only Topic 3’ s g-value was significantly below 0.05, while other topics’ g-values
exceeded 0.05. Additionally, g-values for contradictory relationships and snip-
pet presentation formats were below 0.05, passing the QQ test. This suggests
that under these conditions, order effects in relevance judgment can indeed be
modeled using quantum theory. Non-significant results may violate the QQ
test’ s reciprocity principle assumption—that the preceding question is the sole
factor affecting context for the subsequent question. Despite experimental con-
trols, documents are complex objects, and participants’ background knowledge,
beliefs, or preferences may influence cognitive changes from the first document,
reducing its impact on the second document’ s judgment. Noise in realistic
experimental settings may also diminish observable effects.

4 Discussion and Conclusions

4.1 Discussion of Results 4.1.1 Influence of Document Presentation
Order on Relevance Judgment

Quantitative analysis demonstrates that presentation order significantly affects
relevance judgment. Using chi-square tests, law of total probability violations,
and QQ equality, the study found order effects exist even with only two doc-
uments, with effects related to document characteristics including topic. This
aligns with M. Huang and H. Wang and Y. Xu and D. Wang’ s findings, though
Huang and Wang suggested order effects only occur within specific document
quantity ranges—a question requiring further exploration.

Qualitative analysis of open-ended responses revealed that order effects may
relate to comparison and learning effects between documents. Due to limited
cognitive capacity and time, users compare different documents to identify more
useful information. One participant noted when evaluating the second docu-
ment: “Overall, more objective than the first.” Another stated: “--provides
more objective reasons about GMO safety, unlike the subjective examples in
the previous article.” Order effects may also relate to learning effects, as partic-
ipants used content from the first document to evaluate the second, potentially
increasing relevance assessments.

4.1.2 Contexts for Order Effects in Relevance Judgment
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This study investigated not only whether order effects exist but also how they
relate to inter-document relationships and presentation formats.

Inter-document relationships: Compared to complementary documents,
contradictory documents’ presentation order more strongly influences relevance
judgment. While M. A. Tiamiyu and I. Y. Ajiferuke theoretically proposed that
overall relevance depends on relationships with previously examined documents
(including redundancy and complementarity), no empirical studies have tested
this influence, making this finding novel but requiring further validation.

Presentation format: Compared to full-text documents, snippet presentation
order more readily affects relevance judgment. Since snippets contain less in-
formation for judgment, users form less stable beliefs that are more susceptible
to influence. While I. Xie and E. Benoit confirmed that criteria and elements
differ across presentation formats, this study is the first to demonstrate that
these differences moderate order effects, likely because different formats involve
different judgment standards and elements.

4.2 Research Conclusions Using convenience sampling, 80 participants
completed user experiments with 4 tasks each. By controlling presentation
order, inter-document relationships, and presentation formats, this first-of-
its-kind study examined how these three factors simultaneously influence
user relevance judgment. The study found order effects exist even with only
two documents, with inter-document relationships and presentation formats
serving as contextual factors. Specifically, order effects are more pronounced
for contradictory than complementary documents, and more significant for
snippets than full-text documents.

4.3 Implications and Limitations 4.3.1 Research Value and Implica-
tions

(1) Theoretical implications: Relevance is a core, human-centered concept
in information retrieval. While its dynamic nature is typically explained through
information need dynamics and “search as learning” perspectives, few studies
link this dynamic nature to interactions between user cognitive context and
information objects. Future research should investigate these interaction mech-
anisms, particularly how different document relationships affect the information
interaction process and relevance judgment.

(2) System design implications: Most retrieval systems assume document
independence, calculating and ranking relevance individually. This study empir-
ically demonstrates this assumption’ s unreasonableness and identifies specific
conditions where it fails. For complementary information items, systems should
consider aggregation to enhance overall utility through learning or attraction
effects. For contradictory items, systems should avoid information narrowing
and filter bubbles by diversifying results through interleaved or parallel presen-
tation, facilitating comparison and increasing marginal utility of lower-ranked

chinarxiv.org/items/chinaxiv-202304.00785 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00785

ChinaRxiv [$X]

documents. For snippets, systems should more effectively describe document
content to help users form stable beliefs.

(3) Methodological implications: This study applied quantum cognitive
psychology methods to comprehensively test order effects and their contexts,
demonstrating the promise of quantum-theoretic statistical methods in informa-
tion retrieval research. Given information retrieval’ s cognitive and contextual
orientations involving extensive human cognition and situational issues, quan-
tum theory’ s complementarity principle—where measurement order affects out-
comes—aligns naturally with relevance judgment order effects.

4.3.2 Limitations

This study’ s limitations include: (1) convenience sampling of students from one
university, limiting sample scope and size; (2) material selection subjectivity
due to lack of standardized datasets considering inter-document relationships, a
common challenge in information retrieval experiments. Future research should
investigate multimodal retrieval, vertical domains, and different document and
user characteristics.
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