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A B S T R A C T

An individual's Web search behavior can be influenced by a number of factors, including features and functions of a search engine as well as search
education. In contrast to the long-lasting attention to the algorithm and interface dimensions of search, there is a lack of research concerned with the
potential effects of user education on search behavior. To address this gap, we ran a three-session field-lab-combined study to examine the effects of
user education from two distinct sources – peer advice and cognitive authority (operationalized as video-based student's advice and expert's advice
respectively) – on Web search behavior in two different search task scenarios (i.e., factual specific and factual amorphous tasks). We also tested if
these behavioral effects persist for a short period of time when the explicit search tips are removed. Using 185 task session data generated by 31
participants in two field and one lab sessions, this study demonstrates that: (1) both peer advice and cognitive authority are effective in stimulating
immediate behavioral changes in Web search; (2) the immediate behavioral impact of search advice is broader in factual amorphous task than in
factual specific task; (3) framing search tips as the advice from cognitive authority is more likely to generate continuing, short-term effects on Web
search behaviors. This research has implications for the design of task-aware user education as well as the study of users’ interactions with IR
systems in general.

1. Introduction

Users’ interaction with Web search engines is one of the major components of ubiquitous online information activities. Research
on the interventions on search behaviors often focuses on the algorithm and interface aspects, such as learning-oriented retrieval
algorithm (Syed & Collins-Thompson, 2017), size of search engine result page (SERP) (Kelly & Azzopardi, 2015), and innovative
search assistant tools embedded in search interfaces (e.g., Capra, Arguello, Crescenzi, & Vardell, 2015). However, changes may also
directly come from the user side. Effective user search education can improve searchers’ expertise, affect their search behaviors, and
thereby shape their interactions with information retrieval (IR) systems (Moraveji, Russell, Bien, & Mease, 2011). Despite the po-
tential value for user-oriented search education, the effects of different types of user education on Web search have been scarcely
examined in interactive IR community.

People often interact with other individuals or groups when seeking and searching for information to resolve the encountered
gaps in sense making, tasks, or information supply-demand disequilibrium (Liu, 2017; Schutz & Luckmann, 1973). For instance, in
everyday life information practices, individuals often ask for peer advice from friends, family members, and colleagues in information
interpretation and decision making (Gardner & Steinberg, 2005). One of the contextual factors behind the active solicitation of peer
advice is the similarity in social comparison. According to the social comparison theory and related empirical evidences, when
making choices, people prefer to compare themselves with others who are similar to them in opinions, background, and abilities
(Cohn, Fehr, Herrmann, & Schneider, 2014; Festinger, 1954). Besides, researchers and educators have also identified cognitive
authority as a critical factor that affects people's behaviors and judgments to varying extents (Wilson, 1983). In the context of
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information seeking and search, suggestions and opinions from cognitive authority can significantly affect users’ judgments of in-
formation credibility and their usage of information sources in problematic situations (Rieh, 2002). Given the potential impacts from
peers and authorities on information behavior, a research question naturally arises in the interactive IR (IIR) context: To what extent
do peer advice and cognitive authority affect Web search behavior?

In addition to the design of user education methods and techniques, the temporal aspect of user education effects is also critical
for its application in real-life information search and should be properly examined in IR research. Due to people's natural tendency of
avoiding cognitive dissonance and the priming effect of previous stimuli, when under the influences of similar contexts and cognitive
processes, users may still tend to behave in a relatively consistent and continuous manner (Tanford & Montgomery, 2015; Tipper,
1985). These theories and evidences suggest that the behavioral effect of appropriate user education may be retained at least in a
short period of time even when explicit instructions are removed. Thus, after examining the influences of different types of user
education and instructional interventions (i.e., peer-advice-based and cognitive-authority-based), a follow-up question would be: If
the immediate effects of user education on users’ Web search behavior do exist, would they last (at least for a short period of time)
when the search context (e.g., physical environment, task) changes?

Given the unanswered questions above, the work described in this paper aims to go beyond the mainstream interface- and task-
oriented IR approaches, and investigate the potential influences of different types of user education on Web search. Specifically, the
authors sought to explore the effects of peer advice and cognitive authority on Web search behavior, and to examine if these effects persist
when search context varies. Regarding operationalization, cognitive authority was represented by a search expert (university pro-
fessor)’s advice on how to search effectively, whereas peer advice was operationalized as two students recommending search tips as
peer advisors. Each type of advice was presented to study participants, who were students at a university, using a video.

This study has multiple contributions and implications:

• On a theoretical level, it goes beyond the interface and search task dimensions and extends the current understanding of the
influences of peer advice and cognitive authority on the interactions between users and Web search engines in online information
seeking episodes.

• Within the scope of search engine user education research, our results demonstrate that among different components of user
education, in addition to the content features of search advice (c.f. Moraveji et al., 2011; Yamamoto & Yamamoto, 2018), the
difference in the source of user education (i.e., from peer or cognitive authority) can also lead to divergent behavioral effects on
some aspects of Web search. In this sense, this study partially reveals the complexity and multidimensionality of search education.

• From system features and instructional intervention design perspectives, this work has implications for IR system designers and
search educators on how to leverage the strengths of search advice of different types in guiding users’ Web search activities and
influencing their search tactics.

2. Related works

2.1. User education in Web search

Although the topic of user education has not motivated a wide discussion and exploration at conceptual level within IR community,
the idea of user education has already been incorporated and operationalized in a variety of IR research on search assistance and
recommender systems design. In IIR user studies, user education is usually operationalized as optimal search tips and advice on query
formulation, page browsing, and search path selection (e.g., Moraveji et al., 2011). In previous user-education-related studies, re-
searchers mainly focused on evaluating the content and effectiveness of searching assistances and system recommendations based on
search outcomes, such as query term suggestion, search tactic suggestion, and search strategy suggestion (Jansen, 2006; Jansen &
McNeese, 2005; Moraveji et al., 2011; Yamamoto & Yamamoto, 2018). Specifically, for example, Moraveji et al. (2011) constructs
search tasks that are designed to benefit from the introduced search tips (e.g., use quotation marks around query, use minus sign) in
their user study and found that participants who were shown search tips still demonstrate improved search ability and efficiency
when the explicit search tips were removed. Yamamoto and Yamamoto (2018) demonstrates that using query terms that stimulate
critical thinking (e.g., analysis, evidence, demonstration) can effectively encourage careful query formulation, information seeking,
and decision making.

Among various types of user education and instructional intervention design, suggestions for query expansion are the most
common class of recommendations and have been widely employed in different search systems, task contexts and scenarios. To
generate relevant and useful recommendations for query expansion, researchers have exploited features of different types extracted
from documents, relevance feedbacks, and the associated search interaction data (e.g., Cao et al., 2008; Cucerzan & White, 2007; Xu
& Croft, 1996). In addition to the system-side and individual-user features, a few researchers also explored the social dimension of
query recommendation. For instance, drawing upon classical theories of social influence, Kelly, Cushing, Dostert, Niu, and
Gyllstrom (2010) examined the effects of popularity and quality on the actual usage of query recommendation and found that quality
was more important than popularity. This line of research demonstrates that factors from social dimensions should be taken into
account in user education design and offers an alternative, social-context-based approach to exploring the effect and design of IR user
education from the user side.

In contrast to query suggestion, suggestions of search tactics and strategies refer to sequences of search actions or instructional
search statements, rather than a single component or moment of search (Belkin, Marchetti, & Cool, 1993; Brajnik, Mizzaro, Tasso, &
Venuti, 2002). The major difference between them is that search tactics are relatively shorter sequences specified for solving a single
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information goal or intention, whereas search strategies are longer sequences of search actions generated and recommended for
solving multiple goals or complex search tasks (Bates, 1979; Xie & Joo, 2010). In Web search, tactical recommendations can provide
immediate guidance to exploring unfamiliar information sources, patches, and visualizations without significantly increasing the
cognitive load on query reformulation (Moraveji et al., 2011). Search strategy suggestions can facilitate complex task completion or
even proactively help users improve their search strategy in real time and avoid potential problems (Kriewel & Fuhr, 2007; Shah,
2018). While previous research on tactical and strategy suggestions enhances our understanding of the underlying relationships
between task, system features, and recommendations design, the role of the social dimension of search tactics and strategy sug-
gestions still remains ambiguous. This lack of exploration on the social dimension may create a bottleneck for IR user education
studies as users’ motivations and interactions with information and systems often involves factors from their daily social interactions.

2.2. Social comparison and cognitive authority

When seeking for information to resolve problematic situations, people usually seek advice and feedbacks from both peers and
cognitive authority. The social effect of peer advice has been confirmed and articulated in social comparison theory. According to
Festinger (1954)’s central propositions on social comparison, people prefer to compare themselves with others who are similar to
them in background, opinions, culture, and abilities. For example, college students may be more likely to compare their Web search
skills and strategies with other college students, rather than with experts and professors in the area of Web search. Hence, peer advice
may lead to behavioral effects in Web search education as people prefer to take cues from those whose experiences resemble theirs.
While the role of similarity in social comparison was demonstrated in a variety of field experiments (Cohn et al., 2014; Frey & Meier,
2004; Suls, Martin, & Wheeler, 2002), it has not been fully understood in the context of user-IR system interactions.

Despite the power of peer advice, people are also likely to solicit knowledge from cognitive authority in making judgments,
especially in the context of medical information acquisition and evaluation (Wathen & Burkell, 2002). Wilson (1983) first defined the
term “cognitive authority” to differentiate the authority in information interpretation and knowledge construction from “adminis-
trative authority,” which refers to the widely-acknowledged right of a person who holds a certain position. In the context of online
information seeking, since people usually look for topically relevant and authoritative information, the individuals, groups, and other
nonhuman sources (e.g., official websites) recognized as cognitive authorities are often regarded as reliable sources of second-hand
knowledge (Rieh, 2002; Wilson, 1983). Although cognitive authority has potential effects on Web search, its implications for IR
recommendation system and search education design have been scarcely discussed. In addition, while user education research has
discussed the inclusion of information literacy skills in curriculum development (Kafai & Bates, 1997; Scott & O'Sullivan, 2005), the
video-based educational content as immediate intervention has rarely been studied. To determine a suitable social approach for
instructional intervention design and better understand the social dimension of user education, the behavioral effects of peer advice
and cognitive authority needs to be compared and explored in depth.

2.3. Methods of Web search studies

Methodologically, a majority of the existing research on Web search behavior can be classified into three categories: controlled
lab studies, field studies, and large-scale log-based studies (Grimes, Tang, & Russell, 2007). Within each line of study, researchers
have defined or employed a variety of behavioral measurements (e.g., querying, page-viewing behavior), aiming to detailedly
characterize users’ interactions with IR systems in varying scenarios.

Since lab study design is relatively effective in controlling irrelevant contextual variables (Grimes et al., 2007), it has been widely
employed to infer the causality between Web-search behavior and task-related factors, such as task complexity, task difficulty, and
perceived time constraints (e.g. Jiang, He, & Allan, 2014; Kelly, Arguello, Edwards, & Wu, 2015). Despite the advantages and
contributions, lab study design alone is not enough to support a comprehensive exploration of the impacts of the social dimensions of
user education as participants are not in a realistic environment using the devices that are actually available to them (Kelly, 2009).
Education and intervention designed in lab-based user study often happens in an idealized, controlled environment and thus lacks
realism (Grimes et al., 2007).

In addition to the controlled lab study, field study has served as an alternative approach for capturing Web-search behavioral
patterns as it allows participants to interact with search engines and tasks in naturalistic settings (Greifeneder, 2016; Kelly & Belkin,
2004; Teevan et al., 2004). In a variety of recently conducted field studies, researchers employed browser plugins of different types in
data collection and investigated the interactions between search behavior, search task, and user features (e.g., He & Yilmaz, 2017;
Wang et al., 2017). Browser plugins automatically collect participants’ natural search activities (e.g., queries, pages) and thus enable
researchers to conduct relatively large-scale, long-distance (e.g., crowdsourcing) user studies in naturalistic settings. Despite the
advantages, field-study design also has limitations as researchers have little control of various implicit factors that may affect par-
ticipants’ behaviors. In particular, for browser-plugin-based field studies, search behavior data alone may not be able to fully reveal
the complexity and variations in users’ task contexts and search environments. Consequently, it is often difficult for researchers to
differentiate the main effects of the variables of interest (e.g., task type, user characteristics) from the mixed effects caused by
irrelevant contextual factors. To compensate for this limitation, researchers often employ a series of qualitative methods (e.g., semi-
structured in-depth interview, search diary), aiming to better explore the underlying problematic situations that contextualize users’
search interactions.

Since lab study and field study have their respective strengths, combining them within an integrated research design may enable
researchers to not only infer the causality between search behavior variations and different types of user education and instructional

J. Liu, et al. Information Processing and Management 56 (2019) 1010–1025

1012



design, but to explain the potential lasting effect of user education in naturalistic settings. While large-scale search log studies can
also measure users’ natural search behaviors and collect rich behavioral data from the backend of search engines (Lucchese, Orlando,
Perego, Silvestri, & Tolomei, 2013), they usually lack user characteristics and contextual information and thus may not fit well in
studying the behavioral impact of peer advice and cognitive authority.

2.4. Summary

User education has been operationalized as recommendations of query, search tactic, and search strategies in a variety of systems
and search contexts. Previous research mainly focuses on the connection between the contents of recommendations and the features
extracted from documents and interaction data. While a few researchers explored the social dimensions of user education and IR
recommendation (e.g., Kelly et al., 2010), the effects of peer advice and cognitive authority have not been systematically examined in
the context of Web search education. By exploring these potential effects in a hybrid, lab-field-combined user study, researchers can
embrace a better understanding of users’ interactions with information in various scenarios and thereby can leverage the knowledge
in future user education and search instructional design.

3. Research questions

Given the research gaps discussed above, we explored the social dimension of search engine user education. Specifically, this
study focused on two potential factors from the social dimension of user education, peer advice and cognitive authority, and sought to
understand their behavioral effects in user education. This study aimed to answer three research questions (RQs):

• RQ1: What are the effects of peer advice on users’ Web search behavior?
• RQ2: What are the effects of cognitive authority on users’ Web search behavior?
• RQ3: Do the effects of peer advice and cognitive authority on Web search behavior last in a short period of time?

To answer these three questions, we designed and conducted a lab-field-combined three-session study that is described in the
following method section.

4. Method

4.1. Participant

This study recruited 36 undergraduate students from a variety of disciplines via Rutgers School of Communication and
Information email lists and Rutgers Facebook groups. Thirty-one students completed the entire study and their search data were used
in our data analysis. In order to be eligible, participants had to be (a) at least 18 years old, (b) fluent in English speaking and writing,
and (c) regular Chrome browser users (This study used a Chrome browser plugin to collect log data in all three sessions. Switching
browsers may affect participants’ regular search behavior). The sample was composed of students from various grade levels and areas
of study. We filtered out the search data collected from five of the participants (two from peer advice group, two from cognitive
authority group, one from control group) due to system errors and incomplete data collection (some of them did not finish the whole
study) and our final sample consists of 31 participants. Seven out of the 31 participants were from Information Technology and
Informatics programs, and none of the participants was a Library and Information Science (LIS) student. Most of the participants were
native English speakers (77%) and female (68%). They ranged in age from 18 to 24 with an average age of 20.5 (four participants are
18 years old, six participants are 19, seven participants are 20, five participants are 21, six participants are 22, one participant is 23,
and two participants are 24). Each participant was compensated $40 in cash after finishing the entire study. To encourage partici-
pants to take our study seriously, they were told at the beginning that the top five performers judged by us would receive a $20 bonus.
Note that we judged participants’ search performances qualitatively based on the answers submitted by them and that no quantitative
measure was developed to formally evaluate search outcomes. This is because in this study we only focused on the behavioral impacts
of user education. The search-related tips and persuasions (will be introduced later) were not designed to improve search perfor-
mances. The qualitative performance judgment conducted here was only for deciding the extra bonus. For the performance eva-
luation, we only looked at how detailed and organized their answers were, instead of focusing on if the answers were correct or not.
All participants were informed of this criterion after they registered for the study. In other words, we gave out the bonus based on the
extent to which they took this study seriously.

4.2. Study procedure

This three-session study was composed of two field sessions and one lab session. It started and ended with a field session in which
participants finished two search tasks on devices of their choice at their own locations. Between the two field sessions was the lab
session in which participants were randomly assigned to one of three different conditions and performed two search tasks in a
computer lab. A combination of log data, diary data, and interview data was collected to depict participants’ search experiences from
multiple angles and to allow data triangulation. This study was approved by Rutgers Arts and Sciences Institutional Review Board
(Protocol #: E 17-399). The detailed procedure is described as follows.
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4.2.1. Field session 1
After each participant signed up for the study through a link provided in the recruitment message, a confirmation email was sent

to them specifying the study procedure. They followed the instructions to install a Chrome plugin and used a unique username and
password combination to log in to the study system. Two types of events were recorded by the Chrome browser plugin, each
associated with a unique timestamp, user ID (randomly assigned at the registration stage), task ID, session ID, a URL, and a tab ID.
The events included: (1) Search events: query issued by the user and the search engine(s) used. (2) Browsing events: page type (SERP
or content page) and actions (i.e., click, bookmark). With respect to participants’ control over the data and privacy issues, participants
could log out from the plugin when they did not want their search data to be collected.

Participants first filled out a demographic questionnaire asking about their age, gender, educational background, and English
proficiency. They then started to search and to detail their search experiences and answers to the task questions in an online diary.
Specifically, participants were required to evaluate their perceived level of task difficulty using a 7-point Likert Scale and briefly
describe their search strategies, reasons behind their strategies, and what they found out (i.e., their responses to the tasks). The diary
is arranged to capture participants’ thoughts and experience during the search process and to allow us to qualitatively investigate
their search behavior. Participants did not need to be specific about what sources or queries they used in their diary as those were
captured by a browser plugin. In addition to the required questions, a text box was provided to allow participants to add anything
that was not asked in the diary. The second task followed with the same procedure.

Field sessions aimed to capture individuals’ natural search behavior by reducing artificial constraints and manipulations.
Therefore, although the two tasks would only take up to an hour in a controlled lab setting, each participant was given up to three
days to finish the tasks. They could leave the tasks and log out in the middle, and they would be brought back to their previous
stopping point when logging in again. Compared to the lab session, a field session offered a flexible set-up which can better ap-
proximate real-life search environments.

4.2.2. Lab session
Each participant came to a computer lab individually to finish two search tasks on a desktop computer provided by us. Each

person was randomly assigned by the study system to one of the three groups receiving different treatments (i.e., search education
videos): control group (no video/search education), cognitive authority group (search tips operationalized as expert advice), and peer
advice group (search tips operationalized as student advice).

Before the actual search, participants in the cognitive authority group watched a 10-min video in which a professor from the field
of Information Science introduced tips on how to search on Google while performing two search tasks on a screen. He started with
introducing himself in the video (as a professor in Information Science) and both his face and the computer screen were shown in the
video. The professor performed two search tasks and explained his search intentions and the search tips he used via thinking aloud.
Participants could see the whole search process as well as the associated search tips in the main screen and also see the professor's
face in the small screen at the bottom right of the video screen (see Fig. 1). Since this study was conducted in a university

Fig. 1. Video screenshot of peer advice group.
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environment and the participants were undergraduate students, the instruction from a professor can serve as an appropriate oper-
ationalization of cognitive authority. However, it is likely that the tips and advice from a university professor might be taken more
seriously by the students than from an alternative type of cognitive authority (e.g., a search engine expert from Google, reference
librarian) and thereby might increase the actual impact of advice. In the post-search interview, we asked participants if they knew the
professor or had taken a class with him, and it turned out that no participants had directly interacted with the professor (e.g., taken a
class, worked with the professor as advisee) before our study. Although there was no clear previous exposure to the influence of the
professor's advice, biases from participants’ life context (i.e., public university environment) might still affect the effects of search
education. In this sense, the generalizability of the associated findings might be affected.

Participants in the peer-advice group watched a different 10-min video in which two students – one male and one female – were
interviewed individually by an interviewer about how to search on Google. They also performed the same two search tasks on a
computer screen. Again, participants were able to see both their faces and the screen on which they were searching and explaining
their search strategies (thinking aloud).

Note that people in both videos described exactly the same set of search tips using the same two tasks. However, the person(s) (as peer
advice or cognitive authority) who introduced the search tips and the language used to explain them varied between the two
treatment conditions. The tasks used in the video were similar to the tasks assigned to participants in terms of task type and amount of
effort required. Participants in the control group did not receive any treatment, nor did they know the existence of a treatment.
Instead, they directly started the task section. Screenshots of treatment group videos are provided in Figs. 1 and 2, and the de-
scriptions of the search tasks employed in the videos are provided as follows:

• Task 1 in the search education videos

Suppose you are an employee of a university, you are trying to decide whether to choose a HMO health insurance plan or a PPO plan. Find
resources that could help you decide which is best for your needs.

• Task 2 in the search education videos

You want to work in the field of data science, but you don't have a background in this field. So you want to look for online courses that are
offered to beginners with no programming and statistical knowledge. Find a course that may be suitable for your needs.

The main purpose of this study is to investigate the effect of cognitive authority and peer advice on individuals’ search behavior.
Therefore, the specific search tips introduced in each video were controlled but the people who presented the tips or the ways the
content was delivered (i.e., sources of the search tips) were different. In the expert-advice video, the professor gave an online lecture
covering how to search on Google, representing a cognitive authority on searching. In the student-advice video, two students

Fig. 2. Video screenshot of cognitive authority group.
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discussed search tips in the form of a casual interview guided by an interviewer, representing peer advice on searching. The search
tips covered browsing and searching techniques such as using operators, formulating more specific and diverse queries, and spending
more time on reading content pages. To illustrate how the search tips were introduced in different scenarios, we present some
examples of video scripts as follows:

• Search tip 1: Using operators

Excerpt 1: Expert advice video
Professor: So first, since I don't know much about HMO and PPO plans, I would like to start with looking for some general-level
information about these two plans. In this case, using the relation word “OR” would be helpful because it allows me to get information
about both of these plans by one single query. The operators like “OR”, “+” and “-“ can help you formulate longer and more accurate
search queries and thus allows you to easily adjust the range of searching.
Excerpt 2: Student advice video
Interviewer: Hi Peter, could you try this search task, and tell us how you would proceed?
Student: Hi, sure. So first, since I don't know much about these two plans, I would like to start with looking for some general-level
information about these two plans. In this case, using the relation word “OR” would be helpful because it allows me to get information
about both of these plans by one single query. The operators like “OR”, “+” and “-“ can help you formulate longer and more accurate
search queries and thus allows you to adjust the range of searching.

• Search tip 2: Staying longer on content pages

Excerpt 1: Expert advice video
Professor: I always keep a tip in mind: use more time on reading these results than you think you should, don't just quickly scan or skip
them. You will definitely benefit from these results if you do so.
Excerpt 2: Student advice video
Interviewer: How much time do you spend on each page?
Student: Probably a few minutes. Like I mentioned before, I would spend quite some time on each page. Just to make sure that I don't miss
anything important.

Participants started the search tasks after watching the videos. The lab session was also different from the field sessions in two
other aspects. First, each participant was only given up to 15 min to finish each task and they could decide to move on to the next task
at any time within that 15 min. This time limit is only for the searching part, meaning that they were allowed to continue entering
their answers after 15 min if necessary, though the large majority of participants could finish everything on time. Second, participants
did not have to describe their search experience in a diary because they would be interviewed by one researcher regarding their
experiences and thoughts immediately after the lab session when they still held the fresh memories of their experiences. Only one text
box was provided for them to record the answers, though a few of them carried over the habit of writing down search experiences
from the field session. The purpose of the lab study was to ensure that participants can start searching immediately after the
treatment (i.e. search tips video) so that the immediate behavioral effects of search education can be properly captured.

Before each participant left, a semi-structured individual follow-up interview was conducted to further inquire about participants’
experiences. The interview, as a complement to the diary and log data, was used to gain insights into participants’ experiences with
each search task in the first field session and the lab session as well as their opinions about the treatment. The researcher in charge of
a session reviewed participants’ diary responses and task answers of the first field session and prepared open-ended interview
questions in advance. The researcher also took notes while watching a participant searching during a lab session. Based on the notes,
a researcher constructed a list of questions tailored to each participant before going into a follow-up interview. Questions were
primarily about search strategies and difficulties in finishing the tasks, and the videos. For example, some participants discussed why
they considered specific tip useful or not useful. Participants also offered suggestions for improving the video treatments, which may
be applied in future instructional design.

4.2.3. Field session 2
We started the second field session for each participant (by granting the access to the field session tasks) after he or she finished

the lab session. Same as the first field session, participants were offered up to three days to finish two search tasks in naturalistic
environment(s) of their choices. The second field session was designed to track any short-term or lasting effects of the search
education received in the lab session. In both field sessions, participants received an email reminder reinforcing the deadline if they
had not finished the tasks one day before the session ended. All user search behavioral data were automatically saved in a remote
server by the Chrome browser plugin.

All participants were asked to answer two questions about their topic knowledge and search experience after finishing each task
regardless of session or group: (1) How difficult was it to find the information you needed for this task? (Perceived task difficulty) (2)
How knowledgeable were you on this topic? (Topic knowledge). Specifically, they were asked to evaluate their topic knowledge and
perceived task difficulty using a 7-point Likert Scale.
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4.3. Tasks

Participants finished two simulated search tasks in each session. All tasks were factual tasks with different end goals according to
Li and Belkin (2008)’s definition (i.e., tasks locating facts or data in information systems). The first task in each session provided a
specific goal and had one clear, correct answer, while the second task in each session had an amorphous goal and the answer was
shaped by participants’ consideration and interpretation of the factual information retrieved. The six tasks are:

• Field 1A (Factual specific)

You saw a clip of a TV movie on a bus and want to watch the full movie. You don't know the name of the movie. You only saw that the
heroine is an amateur sleuth who owns a bakery. In the clip you were watching, she was worried about her competitor stealing her business.
You really like the actor who plays the heroine's friend, a dentist. Find out the name of that actor.

• Field 1B (Factual amorphous)

Suppose you are an employee at a US non-profit organization. You are trying to decide whether to contribute money to your employer-
offered 403(b) retirement plan or to a personal Individual Retirement Account. Find resources that could help you make the decision.

• Lab A (Factual specific)

You are looking for a book titled Suede to Rest by Diane Vallere that is not owned by Rutgers University Library. You want to find the
closest library that owns the book and how you can check it out.

• Lab B (Factual amorphous)

You are visiting Beijing and want to find information about Beijing Capital Airport (PEK). Find information to answer the following
questions: what shuttles and public transportation connect the airport to downtown; what hotels are close to the airport; what rental car
services do they have; and where is cheap parking around the airport.

• Field 2A (Factual specific)

Your friend really likes a pair of shoes [the picture of the shoes was shown to the participants] that he saw worn by the hero in the South
Korean TV series Pinocchio. You want to buy these shoes as his birthday gift, but the TV series did not specify the brand. Find out the brand
and style of the shoes.

• Field 2B (Factual amorphous)

You are applying for Ph.D. programs in the area of Library and Information Science (LIS). You want to find out what are the best LIS
programs in the US and which of them guarantees at least four years of funding for Ph.D. students. You also want to consider their job
placement within the last three years. Did their graduates find tenure-track positions? Taking these factors into consideration, find five LIS
programs that you want to apply to, and provide your reasons.

Among the six search tasks, Field 1B and Lab B were adapted from Text Retrieval Conference (TREC) 2014 session track tasks,1

while the rest were designed by us.

4.4. Pilot test

This study used a convenience sampling to recruit pilot test participants by sending out email invitations. Five pilot test parti-
cipants finished the study. This helped us verify if (1) the study system was functioning well, (2) the tasks and survey questions could
be understood with no confusion, and (3) the tasks and time limit were reasonable (not too difficult or too easy to be completed in
15 min). Pilot test participants were interviewed in person about their suggestions for the study procedure (e.g., if there was any
confusion about the tasks and questionnaires; if the time was enough). Minor modifications were made to the wording of some
questions, tips and tasks based on the feedbacks from the pilot study participants.

4.5. Behavioral measurements

To examine the behavioral effects of peer advice and cognitive authority, this study employed six behavior measurements that are
directly associated with the search tips introduced in the instructional videos, and examined the differences in users’ Web search

1 https://trec.nist.gov/data/session/2014/topictext-890.txt.
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behaviors across different tasks and groups. Table 1 clarifies the connections between search tips, expected changes in the corre-
sponding behavioral measurements (hypotheses), and the associated segments from the instructional video scripts.

Among the four search tips, the first one introduced in the Table 1 was adapted from Moraveji et al. (2011), while the other three
search instructions were developed based on the discussions among the researchers of this study. It is worth noting that in the original
search tips Moraveji et al. (2011) were tailored for the predefined task contexts and were designed to improve the search perfor-
mance. However, our study focused on the effects of the ways that the search tips or persuasions were presented (instead of the
specific content of search tips) on Web search behavior (instead of search performance or outcome). With respect to the hypotheses,
our general expectation was that participants become more active in multiple aspects of search activities (e.g., querying, browsing)
under the influence of the designed search tips. Note that we did not make any hypothesis regarding the potential difference between
the effect of peer advice and that of cognitive authority. This is because there was no previous literature that directly compares the
behavioral effects of these two factors in user education or persuasion context and thus we need to gain the knowledge from our
analysis.

The measurements defined in this study can be classified into two categories. The first category is query behavior, including the
frequency of usage of search operators (+, −, OR, AND, and quotation marks), number of unique queries used within a task session
(repeated queries were only counted once), and number of unique query terms used in formulating queries. The other category is
page viewing behavior. We first calculated the number of content pages viewed by participants within each task session. In terms of
dwell time features, for the dwell time on SERP measure, we used the difference between the timestamp of starting a SERP and the
timestamp of leaving a SERP to calculate SERP dwell time. The mean dwell time on SERP was the average SERP dwell time per query
within each task session. Similarly, we used the timestamp of clicking a content page (result) and the timestamp of leaving a content
page to compute content page dwell time and calculated the average dwell time on each content page within each task session. To
reduce the noise from distraction and digression in field sessions, we discussed and manually removed some of the URLs which are
clearly irrelevant to our task (e.g., personal Facebook page, personal Twitter page, Gmail page, Rutgers Sakai page).

4.6. Analysis

The first field session served as the pretest for subsequent treatment effect analysis. We statistically tested the differences in search
behavior and task perception across different groups in the first session, aiming to check if users in different groups started from
similar situation. Then, to measure how users’ search behaviors evolved under the influence of peer advice and cognitive authority
respectively, we tested the differences in users’ search behaviors across different treatment situations (control, student advice, expert
advice) in the lab session (RQ1 and RQ2). We also compared the search behaviors of users from two treatment groups to that of the
control group in the second field session, aiming to investigate if the behavioral effects lasted in a short period of time when the
explicit search tips and instructions were removed (RQ3).

Besides the quantitative data collected by browser plugin, all post-search semi-structured individual interviews were
transcribed for qualitative data analysis. Since this paper only reports the effects of treatment videos, the discussion related to
participants’ understanding and usage of the tips introduced in the videos were separated from the rest of the data and analyzed in

Table 1
Search tips, expected changes in behavior, and the associated segments from video scripts.

Search Tip Expected change in the
treatment groups

Associated segment from the instructional video scripts

Use search operators in queries, such as +, -, OR, and
quotation marks (Moraveji et al., 2011)

H1: Number of search
operators used↑

The operators like “OR”, “+” and “-” can help you formulate more
accurate search queries and thus allows you to easily adjust the range of
searching…I feel I'd prefer PPO, but I want to learn more about the
advantages…so I type in “advantages of PPO”. Besides, I also put the
phrase in a quote [type in “advantages of PPO”] …

Use more diverse terms and formulate more unique
queries

H2: Number of unique
queries↑
H3: Number of unique
query terms↑

… Also, using more diverse terms in queries and formulating unique,
original queries can help broaden the range of search and may increase
the possibility of finding useful information…

View more content pages/search results H4: Number of content
pages viewed↑

[Click on the results on second search result page] Choosing a health
insurance plan is a pretty complicated task so I normally go through the
first result page and read the results one by one, I may even check the
results and webpages on the second and third pages if necessary… And I
would probably go through most of the results, rather than just looking
at the top ones

Spend more time on reading search engine result pages
(SERPs) and content pages

H5: Mean dwell time on
SERP↑
H6: Mean dwell time on
content page↑

For the results on the first result page, I always keep a tip in mind: use
more time on reading these results than you think you should, don't just
quickly scan or skip them. You will definitely benefit from these results
if you do so… I don't know exactly what I'm looking for, so I would keep
reminding myself to spend more time on reading the result lists as well
as each result page. I may miss something if I move too quickly…

Note: H stands for “hypothesis”. In the “associated segments from video scripts” column, sentences in brackets describe the corresponding search
actions taken by the professor and peer advisor when they introduce the associated search tips in instructional videos.
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NVivo.2 One person in the research group first coded two interviews by drawing codes inductively from the data, after which, all
group members met and reviewed the coding to minimize personal bias. Then the coder finished the rest of the interviews. As only a
limited amount of codes was generated and the coding process was straightforward, no inter-coder reliability was calculated.

5. Results

This study collected search behavior and diary data from 185 search task sessions.3 To protect participants’ privacy and clean out
clearly divergent pages, we manually removed potentially sensitive information and the associated Web pages collected in the field
sessions (e.g., emails, personal Facebook pages, irrelevant YouTube videos, Amazon pages, other personal account pages) before
conducting statistical analysis.

To explore the immediate behavioral effects of peer advice and cognitive authority (RQ1 and RQ2), this paper examined the
differences in search behaviors across three different groups/treatment situations (i.e., control group, peer advice group, cognitive
authority/expert advice group) based on lab session data. To explain the potential short-term effects of the treatments (RQ3), we
examined the behavioral differences across the three groups in the second field session. The results of statistical analysis are provided
in the following sections.

5.1. Pre-treatment baseline condition: Cross-group comparison in field session 1

Before analyzing the effects of search advice, we examined the differences in search behavior, topic knowledge, and perceived
task difficulty across groups in the baseline condition before participants received any treatments (i.e., field session 1), aiming to test
if participants started from similar situations. Since none of the behavioral dataset from the three conditions was normally dis-
tributed, this study employed Kruskal-Wallis test for cross-group comparison. In addition, we conducted statistical analyses under the
two types of search tasks (i.e. factual specific and factual amorphous) respectively in order to the further explore the behavioral
effects of user education of different types in different task contexts.

According to the results of Kruskal-Wallis tests presented in Table 2, no statistically significant behavioral differences was found
among the three groups in the first field session. Similarly, according to the results presented in the first column of Table 5, there was
no significant difference in topic knowledge or perceived task difficulty among groups. These results indicate that participants from
different groups did not differ significantly in search behavior and task aspects when search advice was not introduced. Based on this
finding, it is reasonable to assume that participants in different groups started from the same situation before the search tips were
introduced. The following sections seek to illustrate how different aspects of users’ search behavior varied under the influences of
search advice after departing from the same situation.

5.2. Cross-group comparison: Lab session

This paper statistically examined the differences in search behavior among the three groups in both lab and second field session,
aiming to understand the impacts of different sources of search advice. Since none of the search behavior dataset in different
conditions was normally distributed, Kruskal-Wallis test was employed for cross-group statistical analysis in this section. In the cases
where the differences among groups were statistically significant, we continued our analyses with Dunn's post-hoc pairwise test in
order to examine the between-group differences. Given that users often behave differently in different task contexts (Jiang et al.,
2014; Li & Belkin, 2008), we investigated the behavioral effects of search advice in the two search task contexts separately.

As the response to RQ1 and RQ2, the results of the lab session cross-group Kruskal-Wallis tests and the associated post-hoc
pairwise tests are presented in Table 3. Since this study employed nonparametric tests for the comparative analysis, Table 3 reports
the medians and inter-quartile ranges (IQR) (instead of means and standard deviations) of the search behavior measures. In summary,
the results demonstrate that (1) both peer-advice- and expert-advice-based (cognitive authority) user education generated significant
impacts on multiple aspects of participants’ Web search behaviors (e.g., usage of search operators, content-page-viewing behavior);
(2) according to the results of post-hoc pairwise tests, in most cases, there was no significant difference between peer advice and
cognitive authority in terms of the immediate behavioral impacts; (3) In general, the user education or instructional intervention
designed here created relatively broader behavioral impacts in factual amorphous tasks than in factual specific tasks. Specifically, for
example, the forth search tip (spending more time on examining SERPs and content pages) operationalized as video-based user
education led to the significant increases in mean dwell time on SERP and content page in factual amorphous task only. This may be
because the relevance of the visited web pages and results was relatively clear and straightforward in the factual tasks with clearly-
defined, specific goals. Therefore, despite the potential effects of user education, participants might not feel necessary to actually
follow these instructions (i.e., spending extra time on SERPs and content pages) when working on factual specific tasks. However, it is
worth noting that although the second search tip introduced in Table 1 sought to encourage participants to formulate more unique
queries, it might be difficult for participants to come up with extra useful queries in tasks which do not have a clear goal. Thus, no
statistically significant effect on the total amount of unique queries was found in factual amorphous task.

2 https://www.qsrinternational.com/nvivo/home.
3 Because of system errors, one search task sessions and 122 SERPs were lost in data collection. Irrelevant webpages (e.g., Gmail, student portal)

were excluded from data analysis.
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In this section, we investigate the behavioral impacts of user education and compare the effects of instruction interventions of
different types. The following section takes a step further and compares the short-term influences of peer advice and cognitive
authority on Web search behavior when the explicit search interventions were removed. To this end, we present the results from the
cross-group comparative analysis based on the data collected from the second field session.

5.3. Cross-group comparison: Field session 2

To answer the RQ3, we tested the short-term behavioral impacts of peer advice and cognitive authority in naturalistic settings
where the explicit interventions were removed. The results are presented in Table 4. In summary, we found that (1) The short-term

Table 2
Cross-group comparison (baseline/field session 1): Median (IQR).

Behavior and task context Control Peer advice Cognitive authority Kruskal-Wallis test

Number of search operators (FS) 0(0) 0(1) 0(0) χ2 = 0.68, p= .71
Number of search operators (FA) 0(1) 1(2) 0(0) χ2= 5.28, p= .07
Number of unique queries (FS) 4(3) 5(4) 3.5(5.5) χ2= 1.35, p= .51
Number of unique queries (FA) 2(7) 2(1) 3(2) χ2= 3.12, p= .21
Number of unique terms (FS) 15(11) 16(19) 12.5(15) χ2= 0.67, p= .71
Number of unique terms (FA) 15(18) 10(4) 9.5(3) χ2= 1.99, p= .37
Number of content pages (FS) 7(6) 10(22) 12(17) χ2= 3.80, p= .15
Number of content pages (FA) 5(19) 5(3) 6(5) χ2= 3.04, p= .22
Mean dwell time SERP (FS) 22.2(8.23) 22.9(41.9) 11.87(27.13) χ2= 1.83, p= .40
Mean dwell time SERP (FA) 23.22(18) 10.54(18.5) 15.4(32.52) χ2= 1.23, p= .54
Mean dwell time content (FS) 33.71(10.03) 37.29(47.7) 25.99(47.14) χ2= 0.07, p= .97
Mean dwell time content (FA) 61.33(73.92) 73.57(95.36) 114.13(51.5) χ2= 3.33, p= .19

Note: FS: factual specific task. FA: factual amorphous task.

Table 3
Cross-group comparison (lab session): Median (IQR).

Behavior and task context Control Peer advice Cognitive authority Kruskal-Wallis test and Dunn's post-hoc pairwise test

Number of search operators (FS) 0(0) 1.5(3) 1(3) χ2 = 9.04, p= .01. P>C**, E>C*, P vs E (n.s.)
Number of search operators (FA) 0(1) 3(2) 4.5(3) χ2 = 21.90, p= .00. P>C**, E>C**, P vs E (n.s.)
Number of unique queries (FS) 4.5(3) 5(7) 9(8) χ2 = 8.05, p= .02. P>C**, E>C**, P vs E (n.s.)
Number of unique queries (FA) 6(2) 7(3) 8(6) χ2=1.63, p=.44.
Number of unique terms (FS) 13(7) 25(18) 26(13) χ2=5.47, p=.06.
Number of unique terms (FA) 12(2) 19(4) 21.5(14) χ2 = 20.80, p= .00. P>C**, E>C**, P vs E (n.s.)
Number of content pages (FS) 14(6) 43(38) 31.5(4) χ2 = 18.44, p= .00. P>C**, E>C**, P>E**
Number of content pages (FA) 15(5) 28(12) 32(11) χ2 = 21.12, p= .00. P>C**, E>C**, P vs E (n.s.)
Mean dwell time SERP (FS) 7.7(12.18) 12.05(15.36) 10.99(4.49) χ2=1.75, p=.42.
Mean dwell time SERP (FA) 6.71(1.75) 16.61(3.63) 14.45(5) χ2 = 16.78, p= .00. P>C**, E>C**, P vs E (n.s.)
Mean dwell time content (FS) 11.56(6.98) 16.38(8.2) 18.11(12.4) χ2=3.55, p=.17.
Mean dwell time content (FA) 13.66(6.55) 25.36(3.89) 28.6(12) χ2 = 21.62, p= .00. P>C**, E>C**, P vs E (n.s.)

Note: FS: factual specific task. FA: factual amorphous task. C: control group, P: peer advice group, E: expert advice/cognitive authority group.
*<.05, ⁎⁎<.01. n.s.: no statistically significant difference.

Table 4
Cross-group comparison (field session 2): Median (IQR).

Behavior and task context Control Peer advice Cognitive authority Kruskal-Wallis test and Dunn's post-hoc pairwise test

Number of search operators (FS) 0(0) 0(0.5) 4(2) χ2 = 17.53, p= .00. P vs C (n.s.), E>C**, E>P**
Number of search operators (FA) 1(2) 1(4) 6(5) χ2 = 13.59, p= .00. P vs C (n.s.), E>C**, E>P**
Number of unique queries (FS) 4(3) 6.5(10) 5.5(2) χ2=1.44, p=.49.
Number of unique queries (FA) 5.5(11) 4(4) 8(22) χ2=4.38, p=.11.
Number of unique terms (FS) 13(9) 12(8) 20(6) χ2 = 11.15, p= .00. P vs C (n.s.), E>C**, E>P**
Number of unique terms (FA) 16(11) 11(2) 25(11) χ2 = 13.98, p= .00. P vs C (n.s.), E>C**, E>P**
Number of content pages (FS) 12(19) 14.5(15) 22.5(15) χ2=4.27, p=.12.
Number of content pages (FA) 16(13) 27(20) 27(6) χ2=5.43, p=.07.
Mean dwell time SERP (FS) 24.17(31.37) 15.29(14.04) 9.43(14.2) χ2=4.21, p=.12.
Mean dwell time SERP (FA) 10.83(12.13) 17.63(12.33) 10.33(8.4) χ2=1.78, p=.41.
Mean dwell time content (FS) 15.74(21.63) 22.38(9.18) 24.62(9.15) χ2=1.88, p=.39.
Mean dwell time content (FA) 29.27(23.44) 26.70(25.28) 31.29(20.28) χ2=0.74, p=.69.

Note: FS: factual specific task. FA: factual amorphous task. C: control group, P: peer advice group, E: expert advice/cognitive authority group. *:
<0.05, **: <0.01. n.s.: no statistically significant difference.
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impacts were retained only in cognitive authority group. No significant difference was found between the control group and peer
advice group in terms of the values of the six behavioral measures. (2) The short-term behavioral impacts of cognitive authority only
appeared in querying behavior (specifically, in the usage of search operators and unique query terms). No significant impact was
found on content-page-viewing and dwell time measures. These results indicate that (1) compared to peer advice, cognitive authority
(operationalized as expert advice) is more likely to generate the behavioral effects that can last at least in a short period of time. (2)
Explicit search education or instruction is more likely to cause short-term continuing effects on query formulation strategies than on
page-viewing and browsing behaviors. In other words, it may be relatively difficult to change users’ established strategies in page-
viewing and examination via search instruction.

5.4. Topic knowledge and perceived task difficulty

To answer RQ1, 2, and 3, previous sections present the analyses of a series of cross-group behavioral variances in both lab (testing
the immediate effects, RQ1 and RQ2) and second field sessions (testing the short-term effects, RQ3). However, it is still not clear
whether the behavioral variations across groups resulted from any significant differences in participants’ topic knowledge and
perceived task difficulty. To addressing this issue, we statistically tested the differences in topic knowledge and perceived task
difficulty across groups in the three sessions respectively. We first ran Shapiro-Wilk tests to test the normality of data distribution for
each variable in each condition in order to determine which statistical model we should use. The results showed that the answer data
of every variable was normally distributed in all sessions. Thus, we employed one-way ANOVA to test the cross-group differences in
topic knowledge and perceived task difficulty. The results are presented in Table 5.

According to the results in the second and third columns in Table 5, no significant cross-group difference in topic knowledge or
perceived task difficulty was found. These results suggest that the observed search behavior variations cannot be simply explained by
the differences in participants’ topic knowledge and perceived difficulty across groups, and that the video-based user education did
not lead to any significant increase in users’ perceived task difficulty. These results can help further clarify the behavioral effects of
search advice in different sessions and treatment groups and support our arguments.

5.5. Users’ voice: Evidences from the post-search semi-structured individual interviews

Although the log data collected by browser plugin was able to show the extent to which the introduced search tips affected users’
search behaviors, it did not reveal participants’ opinions and attitudes towards the video content and the underlying reasons that
motivated them to (or not to) adopt those tips. We were able to gain further understanding of the impact of treatment videos on
participants’ search behaviors from the semi-structured post-search interviews arranged at the end of lab sessions.

Both the content and the presentation of the instructional videos were discussed in the post-search interviews. To encourage
participants to reflect on their search experiences and usage of search advice, the researcher in charge of a lab session always started
with a general question regarding the video (i.e., What did you think of the video?) and let the participant decide which aspects and/
or tips to discuss. Among all the tips presented, using operators and quotation marks was the most frequently discussed tip in the
interviews. Participants found this tip useful and easy to memorize, like P18 pointed out: “A lot of the time when I'm searching for
something and I type out a whole phrase, it would scatter it, or they would just use one part of the phrase and that's not exactly what I wanted.
But the quotations really do help.” Interestingly, while a few participants have learned or heard of this tip before, they rarely tried those
on a search engine or they did not know how to use them: “With the plus and minus I didn't realize that you have to leave no space
afterwards. I've heard of using that before, but I didn't know you couldn't put a space after the plus or the minus so that was good tip” (P05).
These qualitative evidences support the finding that the statistically significant cross-group differences in the usage of search op-
erators were found in both lab session (immediate effect) and second field session (short-term effect).

This study focuses on the effects of cognitive authority and peer advice on search behaviors rather than on search performance,
and thus the tips and advice were not designed to effectively improve users’ search outcomes (e.g., chances of finding better results).
However, participants sometimes still felt that they succeeded because of those tips and hence tended to employ the search tips when

Table 5
Topic knowledge and perceived task difficulty across groups: mean (S.D.).

Measures Field session 1 Lab session Field session 2

Topic knowledge
(Factual specific)

C: 3.58(2.19), P: 3(1.49), E: 3.5(2.44) χ2=2.00
p= .37

C: 3.36(1.57), P: 3.7(1.16), E:
3.4(1.17)
χ2=1.11, p=.57

C: 2.64(1.4), P: 2.7(2.21), E:
2.7(1.23)
χ2=3.39, p= .18

Topic knowledge
(Factual amorphous)

C: 2.42(1.16), P: 2.6(0.97), E: 2(1.49) χ2=1.27,
p= .53

C: 3.36(1.12), P: 3(2.58), E: 3.1(1.73)
χ2=0.81, p=.67

C: 3.3(1.34), P: 2.9(1.37), E:
2.6(1.07)
χ2=0.58, p= .75

Perceived difficulty
(Factual specific)

C: 3.42(1.67), P: 3.8(1.69), E: 1.63(1.19)
χ2=1.05, p= .59

C: 2.73(1.34), P: 4.2(1.62), E: 3.3(2)
χ2=1.42, p=.49

C: 4(2.37), P: 4.1(2.13), E: 2.8(1.39)
χ2=2.43, p= .30

Perceived difficulty
(Factual amorphous)

C: 3(1.86), P: 4.4(1.84), E: 4.1(0.99)
χ2=4.16, p= .13

C: 3.55(1.51), P:3.9(2.02), E:
4.3(1.34)
χ2=1.64, p=.44

C: 4.3(1.42), P: 5.2(1.81), E:
5.3(1.64)
χ2=0.51, p= .77

Note: C: control group. P: peer advice group. E: expert advice (cognitive authority) group.
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they encountered obstacles in search. For instance, P27 brought up that “I used Boolean a lot, particularly ‘AND’. This would have sifted
through a lot more unnecessary information if I had not used that.” As a result, she “attribute(s) most of that success to using my BOOLEAN
knowledge.” There were also times when the participants did not use the tips at first but tried them when struggling with finding
information. This suggests that users may not think that they would need some advanced search techniques until they really have
difficulties in searching. This finding helps explain the finding that when comparing the number of search operators used across
different groups in the lab session, there was a larger gap between control group and treatment groups (especially cognitive authority
group) in factual amorphous task than that of factual specific task. A possible reason is that participants might struggle with finding
useful webpages more often in factual amorphous task and thus they were more likely to be motivated by the instructional video and
thereby to be open to using more search operators and quotation marks in query formulation. In other words, this result demonstrate
that participants were more likely to act on the search advice in goal-amorphous, intellectually challenging tasks, even if some of the
advice (e.g., operator “AND”) has no objective influence on search performance.

Other than using operators and quotation marks, the treatment videos also introduced other tips such as viewing more content
pages and spending more time on reading content pages. However, those tips were not equally appreciated by the participants as the
former ones. P21 brought up that the 15-min time constraint prevented her from looking at more pages: “If I had more time I would
have looked through everything properly without worrying about running out of time.” This finding echoes the corresponding analysis
results that no significant cross-group difference was found in mean dwell time on content pages in factual specific tasks. In addition
to the explanation given by the P21, this may also be because using operators and quotation marks as a search tip is more salient and
noticeable than the other tips which are mainly concerned with common search behavioral features (e.g., number of pages to visit,
dwell time on content pages). Another possible reason is that users can determine the relevance of a content page and find useful
material in a quick manner (e.g., in 30 s or less) and therefore may not need to significantly increase their content page reading time
when performing factual search tasks.

Participants also offered suggestions that may be considered and implemented in future user education or intervention design,
particularly regarding the presentation of the search advice. For example, P30 suggested that we can include a summary of tips at the
end of a video: “Maybe at the end having a summary of things that you can do. A lot of times you said something and then you might zone out,
instead of going back you just have a summary.” We did consider this when shooting the videos. Thus, the main tips were repeated at
least once in the videos in case participants miss or forget anything. However, several participants considered the repetitions un-
necessary and hoped to shorten the video, “I felt like the video was a little long. I think they went over similar things, so after watching the
first section and then watching the second section, it was a little bit repetitive” (P14). Thus, having a search tip summary that participants
can choose to review or skip could be a viable replacement of repeating the same content in search instruction.

6. Discussion

Table 6 offers a concise summary of the findings from cross-group analyses and identifies the hypotheses (introduced in the
second column of Table 1) that are empirically confirmed by the results. Overall, based on the analysis of 185 task session data
generated by 31 participants in two field and one lab sessions, this study demonstrates that peer advice and cognitive authority
operationalized as video-based search advice can cause both immediate (RQ1 and RQ2) and short-term (RQ3) effects on certain
aspects of users’ Web search behaviors in different task contexts. The related evidences extend the classical arguments and theories
concerning the behavioral impacts of peer advice and cognitive authority (e.g., Cohn et al., 2014; Gardner & Steinberg, 2005; Rieh,
2002; Wilson, 1983) to the context of Web search, and thereby reveals the potential value of leveraging these effects in search engine
user education and instructional intervention design.

As the response to RQ1 and RQ2, according to the findings from the lab-session-based analysis, we found that (1) overall, both
types of treatments or instructions generated significant impacts on multiple aspects of participants’ Web search behaviors (e.g.,
usage of search operators, page-viewing behavior); (2) according to the results of post-hoc pairwise tests, in most cases, there was no
significant difference between peer advice and cognitive authority in terms of the immediate behavioral impacts; (3) In general, the
user education designed here had relatively broader behavioral impacts in factual amorphous tasks than in factual specific tasks. Note
that the effects of search advice on querying (i.e. usage of search operators, usage of unique queries or unique terms) and number of
content page visited are statistically significant in both types of tasks, indicating that it is possible to shape these aspects of search
behavior in tasks of different types. Previous literature has pointed out that users may not even have a reasonable query to begin with,
especially in exploratory tasks (Hendahewa & Shah, 2017), and thus they may need help with formulating effective queries
(Aula, Khan, & Guan, 2010). These findings can partially explain why participants were more willing to accept and apply the search
advice related to query formulation strategies.

Table 6
The hypotheses (H1-6 in Table 1) confirmed in different task-group-session combinations.

Task context Treatment group Lab session Field session 2

Factual specific Peer advice H1, H2, H4.
Cognitive authority H1, H2, H4. H1, H3.

Factual amorphous Peer advice H1, H3, H4, H5, H6.
Cognitive authority H1, H3, H4, H5, H6. H1, H3.
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However, not all search tips were effective in both task types. The forth search tip (spending more time on examining SERPs and
content pages) led to the significant increases in mean dwell time on SERP (H5) and content page (H6) in factual amorphous tasks
only. A possible reason is that the relevance of the visited web pages and results was relatively clear and straightforward in the factual
tasks with clearly-defined, specific goals. Therefore, despite the behavioral effects of search advice, participants might not feel
necessary to actually follow these instructions and to spend more time on assessing SERPs and Web pages when working on factual
specific tasks. Consequently, we did not find any significant cross-group difference in the dwell time on SERPs and content pages in
the context of factual specific task.

With respect to the RQ3, in contrast with the finding that peer and cognitive authority were equally effective in generating
immediate behavioral impacts, the short-term effects of search advice on query formulation (usage of search operators, number of
unique terms used) only existed in cognitive authority groups. Specifically, the results indicate that participants from the cognitive
authority group used significantly more search operators (H1) and unique terms (H3) in the second field session where the explicit
search advice were removed, and that no significant behavioral difference was found between the control group and peer advice
group in terms of the values of the six behavioral measures. This result suggests that compared to peer advice, cognitive authority is
more likely to generate lasting effects on Web search behavior. It also proves that in addition to the content features of search advice
and tips (cf. Moraveji et al., 2011; Yamamoto & Yamamoto, 2018), the difference in the source of user search education (i.e., from
peer or cognitive authority) may also lead to divergent behavioral effects on some components of Web search. In this sense, this study
at least partially reveals the underlying complexity and multidimensionality of user education in the context of Web search.

In addition, we also found that the search advice did not cause any significant short-term impact on the content-page-viewing and
dwell time measures. This result suggests that the externally assigned search instruction or advice are more likely to cause short-term
continuing effects on query formulation strategies than on page-viewing and browsing behaviors. In other words, for search inter-
vention designers and researchers, it may be difficult to shape users’ established strategies and habits in page viewing and result
examination via explicit search instruction.

As always, there are several limitations to this study as well as needs for future research efforts. First, peer advice and cognitive
authority were operationalized as two treatment videos (student's advice and expert/professor's advice) given to participants. There
may be other intervention techniques that can be considered and implemented in presenting search advice in future research. In
addition, since this study was conducted within a university environment and the participants were undergraduate students, in-
structions from a professor might be taken more seriously than from another type of cognitive authority (e.g., a search engine expert
from Google) and thereby might increase the impact of advice. Although there was no clear previous exposure to the influence of the
professor's advice, biases from participants’ life context might still affect the actual effects of search education. Hence, it is not clear if
the conclusions drawn from our results can be generalized to other populations and contexts (e.g., employees in tech companies,
lawyers, library users). In future studies, comparing different types of cognitive authorities in different study contexts (e.g., uni-
versity-based academic research, online search engine A/B testing) may further enhance our understanding of the behavioral impacts
of Web search education. In terms of the instruction language, the differences in the language used to describe search tips might also
result in immediate and short-term behavioral variations across groups. To minimize this potential effect, we used same or very
similar terms [showing on the screen] for same search tips in peer advice and cognitive authority groups (see Figs. 1 and 2). Overall,
as an initial attempt, this study reveals the value of employing video-based instructional interventions in Web search education and
taking into account the factors from individuals’ social contexts in user education design.

Second, the search tips were designed based on previous IIR studies (e.g., Moraveji et al., 2011), the results of a pilot study, as well
as the discussions among the researchers of this study. Some of the introduced search advice was outdated (e.g., AND) and was no
longer supported by the current search engines, and a series of current Google search operators (e.g., $, #, @) were not included in
our search education video scripts. However, it is worth noting that since the focuses of this study are the sources of search inter-
vention or the way in which we present the search tips (i.e., as peer advice versus as cognitive authority) rather than the specific
contents of search tips or actual search outcomes, the conclusions drawn from our analysis can still contribute to the understanding of
the potential value of different types of advice-based search education. Nevertheless, to design more useful, applicable Web-based
search interventions, future research should include more effective, up-to-date operators and tips in search education, especially
when the goal of research is to evaluate the positive effects of Web-search education on search outcomes and experiences.

Third, we did not show any video in the control group. Participants in the control group directly started their search sessions
based on the task requirements. Thus, some may argue that the exposure to a search intervention video actually triggered a desire to
do well or work hard for the advice givers rather than motivating participants to follow the search tips. However, it is worth noting
that to encourage participants to take our study seriously, we told participants at the beginning that the top five performers judged by
us would receive a $20 bonus. The performance was judged based on how detailed and organized their answers were (e.g., the quality
of their answers), and all participants were informed of this criterion after they registered for the study. We believe that the extra
bonus here already triggered a desire to do well not only among the advice receivers, but also among the participants in the control
group. Thus, we think the difference in search behavior between control group and treatment groups can at least to some extent
reveal the behavioral effects of the search tips of different types. Nevertheless, for a more rigorous study design, in the control group
we need a video asking the participants to please work hard and remind them of the bonus structure, but give no clear advice on how
to obtain success. Adding this “placebo” video may help us better separate the potential effect of the exposure to a search intervention
video from the actual behavioral effect of the search tips and interventions from different sources.

Fourth, participants’ level of engagement in searching gradually dropped as they were getting closer to the end of the study. This
is mostly reflected in the decreasing length of diary entries. This may also be a reason that led to insignificant effects of the treatment
on some search behaviors in the second field session. Given this natural tendency, designing strategies to maintain participants’
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engagements during the entire study is critical in behavioral studies and thus should be taken into account in future research. Also,
this study only examines the short-term lasting effects of cognitive authority and peer advice, more longitudinal studies could inform
the understanding of the long-term learning effects of Web searching education.

And, finally, in order to control task-level variables, only factual tasks were employed this time. As it is shown in the findings,
search education videos may have a bigger impact on exploratory search tasks. Therefore, examining the influence of instructional
interventions in other types of tasks, particularly open-ended, exploratory search tasks that produce new ideas and designs (i.e.,
intellectual tasks), will be the next step of future research.

7. Conclusion

In contrast to the long-lasting attention to the algorithm and interface dimensions of search, there is a lack of research concerned
with the potential effects of different types of user education on search behavior. To address this research gap, the work reported in
this paper examined the immediate and short-term impacts of cognitive authority and peer advice on Web search behaviors in the
context of search engine user education. Thirty-one participants completed a total of 185 search-task sessions (62 lab sessions, 123
field sessions) taking place in a controlled lab environment and the natural settings of their choices.

Overall, as the response to RQ1 and 2, this study found that both cognitive authority and peer advice (operationalized as search
education videos) generated immediate impacts on several aspects of Web search behavior, and that the behavioral impact of search
advice was broader in factual amorphous task than in factual specific task. As the response to RQ3, our results indicate that in the
second field session, cognitive authority generated statistically significant impacts on the usage of search operators and unique terms
in query formulation, whereas the behavioral effect of peer advice faded away when the explicit search tips were removed. These
findings empirically demonstrate the behavioral impacts of peer advice and cognitive authority in user education and suggest that (1)
peer advice and cognitive authority can be equally useful in motivating immediate behavioral changes; (2) framing search tips as the
advice from cognitive authority is more likely to generate continuing, short-term effects on Web search behaviors. Future studies
need to further extend this line of search-engine user education research to open-ended, cognitively-demanding, exploratory search
tasks in order to further explore the potential of utilizing the information and guidance from cognitive authority and peers in search
education.
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