






you’re searching something and then they pick the websites that they think is best and they

send it to the computer.’’ As both of these students’ drawings and descriptions focus on

Google as connections, they focus more heavily on Google as a physical space, which is

discussed in the next section.

Fig. 12 Drawing by S05

Fig. 13 Drawing by S23

Fig. 14 Drawing by S26
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4.4 Google as physical space

There were nine students (35%) who associated Google with a physical location. These

drawings/descriptions ranged from Google being represented by a tall office building that

is somehow connected to the outside world through satellites or signals to inside office

spaces where ‘‘Google workers’’ are compiling and disseminating information to users.

Four (15%) drawings were assigned to ‘‘Google as physical space’’ as a primary typology

entry. S15 (Fig. 15), for example, depicted a very tall office building, labelling it ‘‘Google

Company.’’ S20 (Fig. 16) drew a row of data servers, entitling his picture ‘‘Google Data

Centres.’’ He described hearing something recently about the ‘‘top 10 places that you wish

to go, but you can’t.’’ He recalled hearing about ‘‘mythical places’’ and about the Google

Data Center: ‘‘They say that only a few people can enter because it’s restricted because it

has all of the information… about websites that are on Google.’’

Fig. 15 Drawing by S15

Fig. 16 Drawing by S20

422 Inf Retrieval J (2017) 20:403–432

123



Five of the nine drawings (19%) assigned to this typology entry represented Google not

only as a physical space such as a Google office building, but also as the people who work

in these office buildings (‘‘Google as people’’). For example, S14 (Fig. 17) drew a picture

of the Google building, but focused on the communication processes among the Google

workers in trying to respond to a user’s query. He described, ‘‘You start from the bottom

and then you have the people slowly going up. So you have that one person on the bottom

floor who figures out this information from somebody from the outside and then… he goes

up to this guy, who goes to the next guy, who goes to the next guy… There is a man who is

in the basement going through things, like a social worker except for like social media and

other things. And he gives it up to like his boss, who tells his boss, who tells his boss, who

knows a guy who tells the boss of Google, aka the CEO, who tells him to put it all on

Google.’’

4.5 Google as interface

About one-fourth of the students’ drawings and descriptions focused on what they see on

the screen when they search online using the Google search engine. These drawings

showed one or more detailed aspects of Google’s home and/or search results pages, such as

the search bar, ‘‘I’m Feeling Lucky’’ button, search results count, the amount of time the

search took, and images.

S19 (Fig. 18) drew the Google search screen, including the ‘‘I’m Feeling Lucky’’

button, and S04 (Fig. 19) and S02 (Fig. 20) both drew the Google search results page,

highlighting different features and functionalities. All three of these students included the

Fig. 17 Drawing by S14

Fig. 18 Drawing by S19
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Google logo, replicating Google’s use of varying colors for the different letters in their

name.

4.6 Google as codes

This category includes drawings that focus on codes—numeric, alphabetic, alphanumeric,

or other types of symbols—that Google uses to find websites for users. ‘‘Google as codes’’

was the least commonly assigned entry in our typology. Just four (15%) students’ drawings

were assigned to this typology entry; however, these drawings and the students’ accom-

panying descriptions suggest that students do have some understanding, if only superficial,

of how Google actually finds websites based on user queries. S03’s (Fig. 21) drawing

shows that a user typed in ‘‘What is cancer?’’ and the computer is depicted with the

‘‘commands’’ represented as computer code and a face. A monitor with Google is also

shown, with the query shown in a quote bubble to the left and a series of squiggle lines in a

quote bubble to the right, perhaps depicting input and output. S03 described, ‘‘The com-

mands are in here and I made a little face for it… The person [user] types like ‘What is

lung cancer?’ and then the search comes up with the answers.’’ S11 (Fig. 22) and S17

(Fig. 6) both make mention of Google using ‘‘codes’’ or ‘‘algorithms’’ to find information

for the user, but do not elaborate on how these codes or algorithms work.

Fig. 19 Drawing by S04

Fig. 20 Drawing by S02
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In addition to assigning each drawing to one or more typology entry, the researchers

assigned one or more individual codes to each participant’s drawing. Table 5 shows the

number and percentage of student drawings to which each code was applied. The most

commonly occurring themes in students’ drawings were ‘‘computing equipment’’ (n = 20;

77%), ‘‘anthropomorphism’’ (n = 17; 65%), and ‘‘connections’’ (n = 16; 62%). More than

three-quarters of participants drew some type of computer hardware in their representations

of how Google works. Slightly less than two-thirds (65%) of participants’ drawings

showed Google as being human in some way and/or having some human characteristic

(‘‘anthropomorphism’’), and slightly fewer (62%) of the drawings depicted physical (such

as cables) or wireless (such as satellites) connections that enable Google to transmit

information to people. The themes of ‘‘Google worker’’ (n = 12; 46%) and ‘‘trust’’

(n = 11; 42%) were also quite common, appearing in nearly half of the student drawings.

Interestingly, nearly half (n = 11; 42%) of the students’ drawings and/or accompanying

verbal descriptions evoked the concept of trust. For example, S14 described that a Google

worker ‘‘gets any information that he can find, so it can be true, false, anything.’’ S15

similarly described Google as ‘‘a source, but there’s like a bunch of results that you can’t

trust.’’ S17 described Google’s algorithm as a ‘‘creepy guy,’’ giving the user ‘‘random

everything about snakes.’’ However, not all of these evocations were negative. S07

described: ‘‘What you don’t see is these people working really hard, going ‘hurry up!’ or

Fig. 21 Drawing by S03

Fig. 22 Drawing by S11
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‘put the #1 best source’.’’ Similarly, S23 said that Google ‘‘pick[s] the websites that they

think is best and send[s] it to the computer.’’ S01 said that his drawing would eventually

show his mobile phone ‘‘having a bunch of answers, starting with the most used and the

most useful.’’

5 Discussion

This study explored middle school students’ mental models of the search engine, Google.

Participants were asked to draw how they think Google works ‘‘behind the scenes’’ to find

websites for people and to then verbally describe their drawings. The typology and codes

that emerged from our thematic content analysis of participants’ drawings and their

accompanying verbal explanations of their drawings provide descriptive insights into the

knowledge that youth possess on how searches are conducted by Google, and hint at the

information and digital literacy instruction that they have (or have not) received. The

majority of students’ drawings (58%) were deemed to fit into the primary typology entry of

either Google as people or Google as connections. Students may have chosen to represent

Google as a person or people because they do not have a complete understanding of how

algorithms are created to work in finding search results for specific queries. Positioning a

person/people behind the scenes of the computer or device screen mirrors the way people

are accustomed to finding information offline—asking teachers, parents, librarians, and

others questions directly and getting answers in return. Such an understanding of Google

(as a person who can be expected to return a relevant response) may help to explain earlier

researchers’ findings that young people may rely on surface cues in assessing the relevance

of search results (Rouet et al. 2011) and may simply choose the first search result listed

(Wartella et al. 2016). In depicting Google as connections, students revealed their

understanding of the necessity of a technological means, whether wired or wireless, to

access the information online through our devices.

Table 5 Number and percentage of drawings assigned each code

Code Total Number of Drawings Percentage (%) of Drawings

Computing equipment 20 76.9

Anthropomorphism 17 65.4

Connections 16 61.5

Google worker 12 46.2

Trust 11 42.3

Place 10 38.5

Query 9 34.6

Branding 7 26.9

Transparency 7 26.9

User 7 26.9

Features/functionality 5 19.2

Computer code 4 15.4

Intelligence 4 15.4

Gender balanced 3 11.5
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One-half of the student participants included equipment (computer hardware of some

kind) in their drawings and verbal descriptions. The prevalence of equipment in students’

drawings indicates their understanding of the necessity of this hardware in being able to

access Google and the information and answers it provides online.

Only one-fourth of the students’ drawings depicted the Google interface and just four

students included computer code or otherwise illustrated the technological functioning of

Google. These findings support those of prior researchers (e.g., Holman 2011; Norman

1983; Papastergiou 2005; Rieh et al. 2010; Yan 2005, 2006, 2009; Zhang 2008a, b) who

found that many participants’ mental models tend to exhibit an incomplete understanding

of the system they are trying to represent. In fact, Norman’s (1983) descriptions of users’

mental models as often messy and incomplete and of users’ understandings of devices as

imprecise and idiosyncratic apply to our participants’ drawings, many of whom lack

experience and an encompassing understanding of Google and its various search features.

However, their drawings are very creative and open a window into the ways in which they

currently understand Google and the ways in which information and digital literacy

instruction might be best tailored to them in order to improve the accuracy and compre-

hensiveness of their understanding of how Google works.

The limited understandings revealed by our participants’ drawings suggest two primary

implications of this research. First, as educators, we will need to revisit how we teach the

concept of search engines and the search process to youth. Second, there is a need for

search engine developers and search engine interface designers to make Google’s actual

search processes (including their PageRank algorithm and their Search Engine Opti-

mization processes) more transparent and trustworthy to users, particularly to younger

users. One way in which this might be achieved is to include explanatory symbols next to

each item in a search engine results list. For example, one set of symbols could be used to

denote the quantity of websites that link to the particular site, another to denote the average

quality of these websites, and yet another to denote the type of organization (e.g., a non-

profit organization, a University, or a hospital) that authored the listed site.

A close examination of the Standards for the 21st Century Learner in Action (American

Association of School Libraries 2009), which includes the primary guidelines for infor-

mation and digital literacy in the United States, and Web Literacy, developed by the

Mozilla Foundation (Mozilla Learning 2016), reveal that there is much emphasis in

learning how to develop keywords and questions to find the information needed on the

open Web, but no emphasis given to examining how search engines actually work.

Learning how to select the best keywords and develop effective queries is no doubt useful,

but actually helping youth understand how search engines function may enable youth to be

better able to come up with keywords and formulate questions that will produce more

relevant and useful search results and help youth in choosing which search results are

likely to provide the most credible and relevant information for their inquiries. While youth

do not seek information solely from the open Web but are encouraged to use databases

where the use of effective queries is essential, it is vital that youth are informed about how

search engines work. A recent study conducted by the research team to develop a digital

health literacy skills inventory with a particular focus on online health information seeking

incorporated ‘‘Understand how search engines work (i.e., hits, order of search results,

snippets, inclusion/placement of ads, etc.)’’ as a skill that must be mastered (Subramaniam

et al. 2015b). Prior research (e.g., Dinet and Kitajima 2011) has found a correlation

between people’s mental models of a system and their ability to make effective use of that

system. Without an accurate and comprehensive understanding of the ways in which

Google functions, youth are at a distinct disadvantage in trying to interact with the Google
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interface, evaluate the results returned, and ultimately find relevant and trustworthy

information that will be useful for them.

This study revealed that a large number of youth (65%) refer to Google as an individual

person or a group of workers, and/or invoke the concept of trust (or mistrust) in Google as a

source of information (42%) in their drawings and accompanying verbal descriptions.

While this anthropomorphism is a pretty common finding in relation to children’s and

adults’ conceptions of computers and search engines (see, for example, Hendry and

Efthimiadis 2008; Proudfoot 2011; Rücker and Pinkwart 2016), the focus on the concept of

trust in the ‘‘people’’ behind the search engines when describing how search engines work

is a novel finding. This provides an impetus for search engine developers to more clearly

and more readily convey to users how search results were selected for inclusion in the

search results list and how they were sorted in order to better educate users (in this case,

youth) on how they can effectively and efficiently assess the credibility of search results,

given the nature of their queries. Previous studies (e.g., Eastin 2008; Flanagin and Metzger

2008; Subramaniam et al. 2015a) have shown that youth have tremendous difficulty in

assessing the credibility of search results and of the information they obtain online. Thus,

comprehending how the search engine generated the results list may actually help youth to

make wise decisions in their selection of information and enable them to form effective

heuristics for assessing the credibility of open Web information sources.

While this study begins the conversation on youths’ mental models of how search

engines work, the study itself has several limitations. First, as other researchers have found

(e.g., Barrett and Bridson 1983; Light 1985; Panagiotaki et al. 2009), our participants’

drawings may have been influenced by the instructions that we provided in regard to both

the drawing activity and the subsequent verbal explanations of their drawings that we

requested. Additionally, as participants shared their drawings in groups, some participants’

verbal explanations of their drawings may have been influenced by the explanations

provided by the students who went before them.

Second, our participants may have had inadequate manual dexterity skills and/or verbal/

written capabilities to accurately draw or describe their mental models of the Google

search process, as had been discussed by Marhan et al. (2012). As mentioned in the results

section above, some of these youth did not provide adequate written/verbal descriptions to

support their drawings, exclusively focused on a single aspect of the entire search process

(e.g., the communication process of Google workers), or drew a mental model that did not

match their written/verbal descriptions. Future research studies aiming to elicit youths’

mental models can include a series of examinations of their mental models through con-

textual drawings and verbal/written explanations within the context of a specific search that

they actually initiate. This will allow juxtaposing their descriptions across multiple sear-

ches that they conduct rather than a single opportunity to infer their mental models. This

will also eliminate previous concerns in the literature whereby participants may feel

pressured to come up with a mental model simply because they are asked to do so by

researchers (Norman 1983; Richardson et al. 1994).

Third, although we are convinced that the participants in HackHealth all have very little

exposure and background in computing and new media literacy based on descriptions

provided by the school librarians about their information and digital literacy skills

instruction and our own firsthand observations through the HackHealth program, we were

unable to do a cross-comparative analysis of how their previous experience in computing

or digital literacy development (if any) impacted their mental models of how Google

works. Although it is likely that our older participants had more exposure to Google than

our younger participants, we did not attempt to systematically assess this variable. As a
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result, we can only rely on our observations of participants’ interactions with Google and

on our informal inquiries into this matter with the participating school librarians. Future

research should uncover the impacts that relevant computing or digital media instruction in

schools has on the development of youths’ mental models.

Fourth, our study was able to provide a typology of the mental models of the Google

search engine as conveyed by the youth we worked with in the HackHealth after-school

program. Further studies will need to be conducted to refine the typology with a larger

sample of youth in this age group who come from different types of socioeconomic,

educational, and other demographic backgrounds. Additionally, subsequent studies will

also need to investigate the factors contributing to inaccurate and/or uncomprehensive

mental models and track the development of mental models before and after instruction is

given on how search engines work.

6 Conclusion

This study provides a window into the many views that youth have on how Google works.

In recent years, there has been a growing number of studies that investigate how youth

interact with computing systems and digital media, particularly how they seek information

on the open Web, assess the credibility of information, and/or confirm/reject their biases as

they decide which information to use (e.g., Agosto 2002a, b; Eastin 2008; Flanagin and

Metzger 2008; Francke et al. 2011; Gasser et al. 2012; Hansen et al. 2003; Shenton and

Dixon 2004; St. Jean et al. 2015; Subramaniam et al. 2015a, b). Future research is needed

to explore the existence/nature of the relationship between young people’s mental models

of search engines and the heuristics they rely on when interacting with them and assessing

the credibility of online information.
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