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a new and ill-defined construct like CT. A first step towards better informal learning

supporting informal educators is to identify the motivations for
bringing CT into informal spaces and to understand the current
state of assessing CT in public libraries.

Method: Thirty-seven interviews with library staff from across the
United States were conducted and analyzed.

Findings: This work reveals the variety of motivations justifying the
inclusion of CT programming for youth in libraries, the challenges
associated with assessing CT in libraries, and identifies the assess-
ments library staff would like to be able to conduct for their own CT-
related programming.

Implications: This work advances our understanding of the current
state of CT assessment in public libraries and lays the groundwork
for future work seeking to meet the needs of those tasked with
bringing CT to youth beyond the classroom.

Introduction

As the presence and importance of technology expands, it is essential that all children
growing up in an increasingly digital landscape have a foundational understanding of
computing. This includes not just how to use computational devices, but an understand-
ing of what computing can do and how to express ideas in computationally meaningful
ways. Often captured under the term Computational Thinking (CT), these ideas include
broadly useful concepts and practices from the field of computer science including
problem decomposition, abstraction, algorithms, pattern recognition, and concepts
related to computer programming (Curzon, 2019; Grover & Pea, 2013; Wing, 2006).
While CT has a growing presence in K-12 classrooms, informal spaces such as public
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libraries, museums, and youth community centers also play important roles in providing
opportunities for children to develop these essential 21**-century skills.

The role of informal spaces, like public libraries, in introducing youth to CT stems from
the flexibility and openness afforded by such settings. Where schools and teachers are
constrained by rigid schedules and externally defined learning outcomes, informal spaces
such as public libraries have the freedom to provide more open-ended learning experi-
ences and can incorporate more novel technologies and innovative pedagogical
approaches (Subramaniam et al., 2018a). Public libraries are well-suited for CT learning
activities that draw on novel technologies (e.g., robotics toolkits, emerging digital media)
(Garmer, 2014) and play an essential role in providing physical access to such technolo-
gies (Davis et al.,, 2018) and offering intellectual support in the form of CT programming to
underserved youth in their communities (Braun & Visser, 2017). Additionally, schools often
limit potential CT learning experiences to a subset of students or are unable to provide
such experiences at all (Wang et al., 2016) whereas libraries serve all in their communities’'.

While libraries share characteristics of other informal learning contexts like museums,
after school clubs, and summer camps, libraries play a critical role in bringing CT to all
learners given their ubiquity, accessibility, and the role they already play in supporting
communities. In the United States, people visit public libraries more often than they go to
the movies (1.35 billion visits vs. 1.25 billion admissions) (American Library Association,
2019), with most public libraries (76.52%) serving a population area of fewer than 25,000
people (IMLS, 2019). This situates libraries at the forefront of innovation and experimenta-
tion when it comes to creating effective and engaging ways to introduce youth to CT as in
the United States, “the library is the only place that is truly accessible and inclusive for all”
(American Library Association, 2019, p. 6).

At the same time, there are challenges that accompany bringing CT into informal
contexts. Central among them is the question of assessment. While the goals and learning
outcomes of instructional experiences in libraries are distinct from those of classrooms, it
is important for librarians to understand if and how their CT programming is succeeding.
The challenge of conducting assessments in public libraries is compounded by the variety
of formats of CT learning experiences offered, the “drop-in” nature of these experiences,
duration of these experiences, and the unavailability of appropriate tools to conduct such
assessment. This paper seeks to explore the challenges of assessing CT in libraries. Given
the importance of all youth developing foundational CT skills and the potential that public
libraries play in introducing these ideas, it is essential that we understand how to take full
advantage of libraries as part of the larger goal of bringing CT to all. To make progress on
this goal, we pursued the following set of research questions:

Why do public library staff seek to bring computational thinking into their
libraries? What are their goals for the computational thinking programs they
offer?

What challenges do libraries face when assessing computational thinking?

How would public library staff like to assess computational thinking?

To answer these questions, we interviewed public library staff serving youth from
across the United States, asking them about their goals and experiences in conducting
CT programs in their libraries, the challenges they encounter when assessing CT, and any
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aspirations they might have for CT assessment. These interviews included library staff
from rural, suburban, and urban contexts.

This work advances our understanding of why libraries are seeking to incorporate CT in
libraries and their potential for innovative and impactful CT programming. We gain
insight into the challenges associated with assessing the CT experiences that currently
happen in libraries. In addition to laying the groundwork for future work that support
those bringing CT to youth in libraries, this work sheds light on the gaps that exist within
the currently used CT assessment tools and allow us to explore other modes of assess-
ments to help libraries reach their full potential as powerful venues for helping all youth
have positive CT learning experiences.

This paper continues with a review of the literature this work builds upon. Next, the
paper presents the method used for this study followed by the findings section, broken
into three sections that align with the three driving research questions for this work. The
paper concludes with a discussion of implications, limitations, and future work.
Specifically, the discussion looks across the result sections identifying ways in which
goals and assessments do and do not align, highlighting the need for future work on
CT assessment instruments to best support library staff in fulfilling their critical role in
bringing CT to a wide swath of the youth population. Collectively, the contribution of this
work is an understanding of why libraries are seeking to incorporate CT into their youth
programming, the challenges they face in doing so, and insight into how they hope to
evaluate the CT programming they offer.

Literature review

In this section, we begin by explaining our focus on libraries as contexts where CT learning
occurs and then review the two bodies of work that this work draws most directly from
and that we seek to contribute to. First, we discuss prior research bringing CT into library
contexts followed by a review of the state of CT assessments with an emphasis on efforts
to design and conduct assessments of CT in informal settings.

Libraries as contexts for learning

Public libraries have evolved to meet the needs of their communities, including the K-12
populations. While customary services such as book checkouts and reader advisory, and
legacy programs such as story times and book clubs continue, public libraries have
evolved “to distinctive and purposeful programming, resources, and services, both inside
the library and out ... " (American Library Association, 2019, p. 19) serving diverse needs in
their communities, including contribution to cultivating competencies and interest that
are necessary for pursuing careers in computing (Subramaniam et al., 2018b). Importantly,
nearly all public libraries offer access to computers and free wifi for all visitors (American
Library Association, 2019).

Public libraries play a significant role in supporting communities. In the United
States, 96% of the population lives within a public library legal service area
(American Library Association, 2019), indicating that public libraries are institutions
that can are physically accessible to a vast majority of communities. Globally, more
there are more than 380,000 libraries with internet access than 430,000 public and
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community libraries serve 132 countries around the world (IFLA Library Map of the
World, 2020). These libraries serve 551.3 million users around the world with
4,376.9 million total visits (IFLA). Libraries are particularly important as resources for
materials and technological resources in rural areas and also provide a significant
amount of programming for youth (Davis et al., 2018; Phillips et al., 2019). In 2016,
public libraries offered 503,334 programs for young adults (ages 12 to 18) and
2.85 million programs for children ages 11 and under (IMLS, 2019). Further, the
more rural the library is, the more children and young adults’ programs are offered
(IMLS, 2019). With 113 million attendees to public library programs in 2016,
(American Library Association, 2019) libraries are in a position to provide access
and computer-based programming to youth who may not have access to the
technology at home or in their school (Martin, 2017).

While public libraries have been offering technology-enabled programs for youth for
more than a decade (Braun et al., 2014; Lee, 2019; Subramaniam et al., 2018a), libraries are
increasingly offering programs tailored to the development of interest and competencies
in STEM, with 76% of the state library agency chief officers stating they either are planning
on implementing or have ongoing STEM programming efforts at their state (Rose, 2015).

Many of these programs that intend to develop competencies and interests in
STEM leverage design principles of the connected learning framework (Hoffman
et al., 2016; Subramaniam et al., 2018a) to design their programs to be authentic
to youth, interest-driven, fun, and not be like “school”. Increasingly, this program-
ming includes concepts or practices associated with computational thinking
(Subramaniam et al., 2019).

Computational thinking in libraries

Although there are many definitions of CT, in this paper, we define CT as a set of concepts
and practices from the field of computer science that are useful when using computers
and technology to solve problems. This includes problem decomposition, developing and
using abstractions, debugging, defining algorithms, and concepts grounded in the prac-
tice of programming such as iteration, parallelization, and conditional logic (Curzon, 2019;
Grover & Pea, 2013). Wing (2006) states that “computational thinking is a fundamental skill
for everyone, not just the computer scientists” (p. 3) and argues that CT be taught along
with other essential skills such as reading and writing.

As discussed above, public libraries have become a hub for informal CT learning in
communities. As facilitators of lifelong and informal learning, libraries have become major
players in promoting digital literacy for youth in their community (American Library
Association, 2020; Taylor et al., 2018). As the need for CT education expands, libraries
have found ways to include CT into their programming. For example, the American
Library Association (ALA) partnered with Google for the Libraries Ready to Code (RtC)
initiative and provided grants to 250 libraries to implement coding and CT programs
(Braun & Visser, 2017). In addition to grant initiatives like RtC, CT is being included library
training programs (Taylor et al., 2018) and continuing education efforts like the Train the
Trainer program (Young Adult Library Services Association, 2018), and the Future Ready
with the Libraries program (Young Adult Library Services Association, 2016) offered by the
Young Adult Library Services Association (YALSA).
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Wing (2006) argues that CT is for everyone and that it is not limited to computer
science but has everyday applications. Many librarians build on this idea when it comes to
planning, advertising, and facilitating their CT events. Much of the library staff that plans
and facilitates CT programming are new to the concepts involved; therefore, when
deciding how to facilitate these programs or start a code club, many library staff look to
low cost and easy to use tools and activities that they can use in their library (Braun &
Visser, 2017). Some library programs focus on teaching programming skills using block
coding programs like Scratch (Braun & Visser, 2017). Others facilitate the learning of CT
concepts using various tools (Guidara, 2018; Lee & Recker, 2018; Prato, 2017; Wing &
Meyers, 2014). For example, robotics is a common way to facilitate CT education in
libraries. Products like Dash Robots, Ozobots, and Lego Mindstorms are used in CT
programs and provide an easy entry for library staff who have little to no experience in
CT skills and education (Prato, 2017). Library staff also use tools like Raspberry Pi and
paper circuits as an easy way to teach computational skills without requiring previous
knowledge of CT, and in the context of paper circuits, a low-cost alternative to other tools
(Lee & Recker, 2018; Wing & Meyers, 2014). Similarly, many libraries offer “unplugged”
activities, using pen and paper as another low cost, low stakes alternative to these tools.
(Guidara, 2018; Prato, 2017). Library staff also use ready-made curricula, such as Google’s
CS First and Girls Who Code to facilitate their programs (Braun & Visser, 2017).

Despite the current efforts across the US to bring CT to libraries, we do not yet have
a clear picture of all the different types of programming that is being held, nor do we fully
understand their motivations and goals in hosting these programs. In addition, CT is still
a relatively new term for the library profession, which affects the adoption of CT program-
ming by library staff and their ability to facilitate CT learning.

Assessing computational thinking

In this section, we review the what and the how of assessing CT. In their review of existing
CT assessments, Tang et al. (2020) found that “many studies chose to measure program-
ming or computing concepts as representations of CT skills” (p. 18). Brennan and Resnick
(2012) identify three areas of CT to assess: computational concepts (i.e. sequences, loops,
conditionals), computational practices (i.e. testing and debugging, reusing and remixing),
and computational perspectives (i.e. observing shifts in perspective). There are many
different approaches and tools used to assess CT. Some examples include selected-
response tests (e.g., Grover et al., 2015; Weintrop et al., 2014), portfolio assessment (e.g.,
Brennan & Resnick, 2012); questionnaires or surveys (Mouza et al., 2016), interviews (e.g.,
Berland & Lee, 2011), design scenarios (Brennan & Resnick, 2012), and pre- and post- tests
(Arastoopour Irgens et al., 2020). CT has also been assessed through less tangible means,
for example, Lee and Recker (2018) assess their paper circuits program by having parti-
cipants share their projects with the group, or through informal competitions and
exhibits.

Shifting out focus to informal spaces, like after school programs, workshops, and
summer programs, the research shows a mix of formal and informal assessment tools.
These informal CT programs often used formal assessments, like worksheets, to measure
a participant’s knowledge and understanding of CT concepts. (e.g., Mouza et al., 2016;
Pugnali et al,, 2017; Wu, 2018). Pugnali et al. (2017) assessed CT skills based on the Positive
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Technical Development Framework that is focused on six aspects of CT engagement:
Communication, Collaboration, Community Building, Content Creation, Creativity, and
Choices of Conduct. The use of formal assessments is often coupled with other forms of
assessment like portfolios of participants’ projects and observations (Mouza et al., 2016;
Wu, 2018). Informal learning spaces also employ non-formal assessment tools to assess
learning and the attitudes of youth who participate in their programs. For example,
Denner et al. (2012) assessed the portfolios of video games created by their participants.
Other work in informal learning spaces has assessed participants’ knowledge and atti-
tudes through participant reflections, including the work of Thomas et al. (2017) who
reviewed their participant’s daily reflective journal to gain more insight into the attitudes
and thoughts of their participants.

Assessment in libraries can be a challenge as the library is an informal learning space
that is not well suited for traditional modes of assessment, even less so than other
informal spaces which may be more structured in format. However, this does not mean
there are not efforts to assess library programs. One example of work seeking to assess
library programs is the Public Library Association’s (PLA) Project Outcomes. Project
Outcomes is a toolkit designed to help libraries measure their impact in a community.
The toolkit provides surveys, a survey management tool, and easy to use ways to measure
and analyze outcomes. The toolkit focuses on seven different areas of library service
including community engagement, digital learning, education/lifelong learning, early
childhood literacy, and job skills (PLA). Traditionally, attendance is a primary means of
assessing library programs (American Library Association, 2020; Cole et al., 2013; Garmer,
2014). However, within the library field, there is a big push to measure the success of
a program beyond looking at the numbers. Cole et al. (2013) refer to this as outcomes-
based assessment. In their example, Cole et al. (2013) establish outcomes for their summer
reading program and then use surveys at the end of the program to evaluate how/if these
outcomes were met.

Since libraries are informal learning spaces, assessments also tend to be informal;
mainly with anecdotal evidence and verbal feedback. In their work on capturing con-
nected learning in libraries, the Connected Learning Alliance uses talkback boards to
capture learning in libraries. Talkback boards are poster-sized displays that provide a few
statements (i.e. “Today | discovered an interest or talent that | didn’t know | had”) that
participants use a sticker to indicate the statement they most agree with (Penuel et al.,
2019). These statements serve to capture the desired outcomes of the program (Penuel
et al., 2019). Another way libraries assess their programs is by using verbal feedback and
surveys, like in Wing and Meyers (2014) Raspberry Pi programs.

Many assessments for CT in K-12 involve types of formal assessments like testing
and surveys that are not conducive for informal spaces like libraries. With the
limitations of library environments, the challenge then becomes how do library
staff know that their participants are learning and that they are meeting their
goals for CT programming. While there is research on how to get CT programming
into libraries, CT assessment in libraries is either one small part of a bigger study, or
not discussed. By focusing on CT assessment in public libraries, this paper seeks to
understand the current CT assessment practices in libraries, the challenges that come
with assessing CT in libraries, and what library staff would like to assess in their CT
programs.
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Figure 1. Distribution of participants by state.

Methods

To better understand the current landscape of CT activities in libraries, we interviewed 37
youth-serving library staff from across the United States (US) (Figure 1). Participants were
recruited mainly through the mailing lists of ALA and YALSA, from the professional
networks of the research team, and project partners. We collected information about
the participants, such as their position, their location, population served (self-identified as
rural, suburban, urban), and how many years they have been in their position as part of
the sign up process. A summary of participant characteristics can be found in Table 1.
We conducted semi-structured interviews via phone or video conferencing software.
These virtual interviews were recorded and lasted between 30-60 minutes. Interviews
served as the primary methodology given the intent to obtain a national view of CT in
libraries. Semi-structured interviews are well suited to capture the voices of library staff
and their experiences and challenges in offering CT programs in libraries which are the
focus of this research. The interview protocol covered topics such as the interviewee'’s
experience with CT and computer science, the programs they ran at their library that
included CT, the populations they worked with, the challenges they faced, and how they
currently measured the success of their programs. Interviews were then de-identified and

Table 1. Demographic information for the 37 study participants.
Population Density # of Participants Average # of Years Experience Job Title

Urban 8 13 years Youth/Teen Librarian (4)
IT/Technology Librarian (3)
Branch Manager (1)

Suburban 14 7.8 years General Librarian (5)
Youth/Teen Librarian (5)
IT/Technology Librarian (3)
Branch Manager (1)

Rural 15 6.6 years Youth/Teen Librarian (9)
Branch Manager/Director (3)
General Librarian (2)
IT/Technology Librarian (1)
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transcribed. The full protocol is available as an online supplement. Participants signed
consent forms before their interview date and were offered a 25 USD Amazon gift card in
return for their participation. We obtained institutional approval for human subject
research prior to the start of data collection.

We employed thematic analysis (Boyatzis, 1998) to create a coding scheme aligned
with our research questions. This methodological approach was used as we wanted to
better understand the state of CT and how it is being assessed as experienced by those
who are actually designing and running CT programming within libraries, rather than
bringing a particular framework from the academic literature to shape and organize
responses. To create a codebook, the research team individually coded a transcript and
worked together to create an initial codebook. We then used this codebook to code an
additional two transcripts individually, then met to discuss the results of our coding,
making adjustments and clarifying code definitions as needed. The final codebook con-
tained 16 codes that captured topics such as library demographics, resources used in CT
activities in the library, the goals of CT activities, the challenges the library staff faced
running these activities, and the assessment tools used for these activities. The codebook
was then applied to all 37 interviews by one member of the team with an additional team
member reviewing and modifying the coded transcripts as needed. Disagreements in
coding were noted in memos in the analysis software and were later discussed and
resolved between researchers (Smagorinsky, 2008).

To address the research questions in this paper, we specifically focus on four codes that
emerged in our analysis: CT Assessment, Aspirational CT Assessment, Challenges, and CT
Motivations/Goals/Outcomes. CT Assessment and Aspirational CT Assessment were used
to capture participant’s current efforts in assessment, their thoughts on assessing their
programs, and the ways they wish they were able to assess their programs. The
Challenges code captures a variety of challenges librarians identified when it came to
running CT programming including staffing problems, staff knowledge, funding, infra-
structure, and challenges with assessment. Finally, CT Motivations/Goals/Outcomes cap-
tures the various motivations librarians have for their CT programs, the goals they hope to
accomplish, and the outcomes they would like to see in the youth participants.

Findings

The findings section is broken down into three sections, each of which answers one of our
driving research questions. First, we present motivations for libraries to incorporate CT
into the programs that they offer. Next, we present the challenges library staff encounter
in trying to assess the CT programming at their libraries and then we conclude by
presenting how library staff aspire to assess CT.

Motivation for bringing computational thinking into libraries

Why do library staff seek to bring CT into their libraries? What do they hope to accomplish in
doing so?

As part of the interview protocol, we asked participants why they thought learning CT
was important for youth, the goals they had for their programs, and the skills and
attitudes they hoped to develop as a result of their programs. We asked these questions
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Table 2. Themes from library staff responses asking about motivations for bringing CT into their
libraries.
Code Sample Quote

Positive CT Experiences “I want them to walk away like knowing that they can do this. It's not just for like certain
people, it's not just for people who are like really into science or really into engineering,
like anyone can do it."(Andrea’ — rural, Midwest)

Conceptual Learning “I'm wanting them to develop basic coding skills.” (Brittany — rural Southwest)

Career Preparation “The goal really for me for our program is for youth in [our community] to have a good
future” (Cait — urban, West coast)

Relating CT Programming  “We felt we’d be able to offer the kid’s something that they are not getting at school, and the

to Schools parents were really interested in it” (Brad — suburban, Northeast)
Access to Technology “My first goal is just to make something available to kids who maybe would not normally
have access to it” (Sandra — rural, Midwest)
Foster Collaboration “I will only get six [robots] out for a group of 12 [kids] because they have to share because

that’s part of working as a team and that is something that’s a life skill.” (Molly —
suburban, Southeast)

to better understand the motivations behind bringing CT into libraries. In reviewing the
responses to these questions, we found justifications that aligned with the larger litera-
ture around CT as well as some library-specific goals for their CT programming. Table 2
provides a sample quote for each theme identified.

Looking across the responses, some motivations cited are not unique to CT, but
common to many types of library programming, such as the desire for positive experi-
ences with the content of the programming or to prepare youth for their futures. In other
places, the motivations have particular characteristics that uniquely intersect with CT,
such as future career preparation and access to technology that is essential for CT learning
experiences. We present motivations that are common across library programming as
well as those unique to CT to present the fullest picture of why library staff are working to
bring CT into their buildings.

The most common reason our interviewees cited for introducing CT into the program-
ming offered at their libraries was to allow youth to have positive early CT experiences
and develop favorable perceptions and attitudes towards CT. For example, Tyler, from
a suburban library in Northeastern US responded: “Well, first and foremost, | just want to
make it fun for the kids so that they have a good time and a good experience with
engineering and computer programming concepts and that they feel engaged and that
they feel like they're learning.” Other responses were related to specific attitudinal or
dispositional goals. For example, several library staff referenced introducing CT as
a means to help develop desirable dispositions such as perseverance, “Definitely them
learning that mistakes are good. That's been something that has been a real focus for us. To
keep going, to persevere, that mistakes aren’t bad, that that’s how we learn” (Jenna, rural
library in the Northeastern US). Confidence was another frequently cited attitudinal out-
come. When asked what skills or attitudes she hoped to develop, Cait, who works in an
urban library in the Western US responded with the single word “confidence”, when asked
to elaborate she continued “Confidence in, in this new technology, in technology and
thinking in a computational way.”

A second cited reason for bringing CT into the library was to help youth learn
foundational ideas related to computing and technology. Along with the quotes in
Table 1 demonstrating the goal of conceptual understanding, library staff also focused
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on the relationship between the technology youth see and use every day and the
learning goals of their CT programming. “The kids are using this technology every day. It'd
be great if they knew what went into what they’re using” (Brad, suburban Northeast).
Similar motivations can be seen in other comments focusing on digital media broadly
rather than the technological aspects: “not only do | want kids to understand how media
is created, so they can understand the messages that are coming from that media. | want
them to be able to evaluate it, analyze it ... In order to do that, they need to know how
media works whether it's a book or some digital tool. And one of the best ways for kids to
better understand how those tools work is to be able to create using that tool. And that
ultimately allows them also to communicate with that tool” (Caroline, rural Western US).
These motivations are interesting as they closely relate to communication and informa-
tion dissemination, objectives central to the missions of libraries as resources for
creating an informed citizenry.

The economic potential of CT-related jobs was also raised as a motivation for program-
ming. For example, Phyllis, a librarian from an urban library in the Southeastern US, stated
a goal of her CT programming was to “impact [young people] so they have a brighter future
and so they will consider computer science because there’s a lot of money in it". Another
variant of this goal was a broader motivation to prepare youth for the increasingly
technological landscape irrespective of future profession. This can be seen in this
response from Alice, an urban librarian from the Midwest, who said: “the big goal would
be to have all students in our county study computational science in elementary school so
that they have, that they are better prepared for the future.” Here we see the goal of CT
extend beyond professional preparation to the larger goal of being prepared for whatever
shape our technological future may take.

Another goal for CT programming in libraries was framed around the relationship
between libraries and schools. In some cases, the motivation was to prepare youth who
come to their CT programming for future computing classes in their schools while Molly,
a suburban librarian from the Southeastern US, expressed this in her response: “We want
them to be prepared before they get to high school ... so [youth are] already exposed to it
before they are exposed in the classroom”. Other times, library staff viewed their CT
programming as serving a complementary role to that of schools. Kimberly, a rural
librarian from the Western US, stated: “we’re reinforcing what they're getting from the
schools and schools are reinforcing what they’re getting at the library”. This sentiment of
library programs supporting and supplementing schools was also raised in relation to
contexts where local schools do not offer computing-related courses. “The initial reason
we really wanted to offer these programs are because the school system in our town doesn’t
have any coding classes for kids. So they don’t have a computer science class.” (Brad —
suburban, Northeast). It is important to note that library staff did not view their goal as
replacing schools or the role they play, Brad pointed this out in saying: “we’re not going to
be able to teach them something that a school can teach ... .[our CT program] is only once
a month”, but rather librarians saw their role as helping youth in the community engage
with the powerful ideas of CT and to provide access to tools to let them do so.

In discussing the relationship with schools, library staff highlight unique affordances of
libraries that make them distinct from conventional classroom contexts. For example, the
fact that learning in a library is not formally assessed was viewed as a feature that would
help kids explore new ideas they might be hesitant to in a school-based context: “the
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goals right now are to introduce CT concepts to kids in really stress-free ways or low-stress
ways. They're not being tested. So that and exposed them to different kinds of projects and
tools that they might be interested in learning more about.” (Caroline, rural Western US). The
view was echoed by Nicole (suburban, Western US) who said “[youth] don’t need another
classroom setting especially if they’re moving into middle school and high school where they
have the rotating classes, rotating teachers, all of the things that they're learning. They have
to sit still. They have to pay attention, and that’s not what the library is. We don’t need to fill
that in their lives. They already have enough of that." These quotes highlight the distinct
and complementary role of libraries as contexts for learning CT.

A final noteworthy motivation from these interviews was in the way library staff viewed
their own institutions as a community resource when it came to the topic of CT and
related technologies, specifically in response to issues of access to tools and technology.
“I think the main goal is still access. We want to give access to technology that is expensive
and difficult to obtain for lower-income families” (Nicole — suburban, West coast). This focus
on access for underprivileged youth also came up in relation to the previously discussed
topic around the preparation for the future, as can be seen in this response from Holly,
a rural librarian from the central US, “I think that to be successful in life and to break out of
your cycle of poverty, they have to be able to really understand computers.”

Challenges of assessing computational thinking in libraries

What challenges do libraries face when assessing computational thinking?

Before discussing CT assessments specifically, we begin this section by briefly reviewing
the approaches to assessment of library programming currently in use in libraries as
reported by our 37 interviewees before shifting to the challenges they raised that are
specific to trying to assess CT. Overall, the most common approaches to assessing library
programming are taking attendance and tracking retention across sessions. The motiva-
tion for this approach was put succinctly by Brad (suburban Northeastern US), who said:
“it’s successful if we get kids there". In general, this form of assessment is not problematic
for CT-related library programming but provides little insight into the goals cited above
such as attitudinal or learning outcomes. Beyond these numbers, other approaches for
assessment referenced in our interviews included observations, surveys or questionnaires,
impromptu interviews, and anecdotal feedback. Some of these approaches can provide
insight directly related to the goals of CT programming, especially when incorporating
existing CT-related surveys. For example, Caroline, a librarian from the rural Western US,
said “we did a program with NCWIT ... they actually have a pre- and post-survey particularly
looking at attitudes reviews”, but, as will be discussed below, there are challenges asso-
ciated with conducting this type of assessment in libraries.

The interview protocol used in this study included a number of opportunities for
interviewees to voice the challenges they face in trying to assess their CT programming.
This included questions such as “what challenges or constraints do you face with your CT
programming?” and “how do you know if your program is successful”? One of the central
challenges of assessing in libraries is rooted in the structure of the learning experience
and the explicit recognition that libraries are not schools, so while learning is often a goal,
assessment cannot feel like a school test. This can be seen in how Jenna, a rural librarian
from the Northeast US, responded to a question about assessment “Because we're



COMPUTER SCIENCE EDUCATION e 301

a library ... our goal is lifelong learning. Whereas if | were a school, | might be more
concerned that, did a particular skill get learned? Did a particular concept get understood?
So I don’t approach our evaluation in the way | would if | were in a school.” A former school
librarian turned public librarian (Nicole, suburban Western US), also identified this differ-
ence in goals as it relates to learning “If | were still in the like, ‘| must teach these kids’
mentality, then | would love it if they could get certain competencies checked off. But | also
recognize that as a public library, that isn’t my job". This difference has implications when it
comes to the question of assessment. Whereas schools focus on content mastery and skill
development, as stated above, libraries end up relying on less intrusive measures of
success (e.g., attendance or retention) that provide little in the way of insight into
measuring desired outcomes such as engagement or interest development. The result
of this difference is that CT assessments developed for formal contexts may not be
suitable for informal settings like libraries.

Other library staff identified CT assessment challenges associated with the character-
istics of CT content and how it does not easily align with existing assessments, the way
that mathematics or reading proficiency might. For example, as Matt, a rural librarian from
the Northeastern US, said, “I think there’s big picture assessment with computational
thinking. You got to understand where you start and where you're headed, finding out the
steps that you need to get in between and breaking that down into not just what a computer
would do, little bits and pieces at a time, to put those together, and then creating a toolbox
where you have different tools and different pieces of logic and different pieces of computa-
tional thinking you can assemble together”. It is not immediately obvious what an assess-
ment for “understanding where you are heading” or “assembling different pieces of logic”
would look like. This relational concern can also be seen in quotes from library staff related
to the ways that CT intersects with other content areas and learning objectives, e.g., “So if
we could, making the connection in between computational thinking and social-emotional
learning, that would be something that would be valuable because | think there are connec-
tions” (Alice, urban Midwestern US).

The newness of CT and CT-related technologies was also raised as a source of chal-
lenges for assessment in libraries. This can be seen in comments related to the concepts
and technologies themselves, e.g., “Like a 3D printing program, the concept of 3D printing is
often new to everyone in the room regardless of their age” (Jenna, rural Northeastern US).
This same concern was raised with respect to those currently working in libraries, as
Brittany, a rural librarian from the Southwestern US, stated, “/ think the biggest challenge
sometimes is just mine and my staff's own knowledge ... especially coding or just really
understanding different types of programs that could utilize computational thinking”.
A second librarian (Matt, rural Northeastern US) echoed a similar experience, saying
“Most of what we're doing is being implemented by people who have very little to no
computational thinking experience”. This is not necessarily always a negative, as Jean,
a suburban librarian from Northeastern US, pointed out, “We're teaching ourselves just as
much as we're teaching them, which honestly is sometimes better because then they get the
luxury of being able to teach us, which always is very empowering when you're able to teach
an adult something that they didn’t know. So | think the kids really enjoy that. We're all
learning it together.” This has direct implications for assessment, as in the absence of
existing CT assessment specifically designed for informal environments (as stated above),
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it is then left to the library staff themselves to develop assessment, but the general lack of
prior experience with the content makes this particularly challenging.

Logistical challenges of assessments were also raised by the library staff we inter-
viewed. For example, Sandra, a rural librarian from the Midwestern US, responded “I have
a really hard time getting them to take a survey. I'm about ready to start bribing them with
candy. It's hard to get them to do that and | think part of it is, is that | tend to hand them the
survey about the time they need to leave, so that’s hard. But | can’t really give them the survey
in the middle of things, before I'm all done, can 1?" This struggle also relates to the earlier
discussion of the tension between assessment and informal settings where youth are
choosing to participate, so engagement and fun are important considerations.

To summarize, the primary challenges to conducting assessments voiced in the inter-
views were the lack of clarity around the nature of CT or how to assess it, tensions
between assessment and the informal nature of libraries; not having the CT knowledge
or experience to develop effective assessments, and general logistical challenges asso-
ciated with assessing a relatively new content area. Having reviewed the motivations for
bringing CT programming into libraries and the challenges of assessing it, we now turn
towards questions that gave the interviewees the opportunity to talk about what they
wish they could do when it comes to assessing CT in their libraries.

Aspirational computational thinking assessments

How would public library staff like to assess computational thinking?

As part of the interview protocol, library staff members were asked how they would like to
assess their CT programs. In asking this aspirational CT assessment question, we gain
insight into where libraries are hoping to go with the assessment of their CT programs and
shed light on the gap in assessment that currently exists.

The most common response given to what libraries would like to assess in terms of CT
can be described as measuring long-term impact. As Caroline (rural Western US) suc-
cinctly put it: “Assessment isn’t about what happened in six weeks. It's what happens over
years and years.” As for what longitudinal assessment might look like, Brittany from the
rural Southwestern US said: “It would be really neat to be able to follow these kids through
high school to see if the fact that they were involved in a coding club outside of their formal
education in school if that made any difference”. A second interviewee, Lisa, a librarian from
the rural Midwestern US, mentioned how she would like to see their patrons become
mentors for future programs: “I think if they were to start coming in and if we could grow
them into teen volunteers who came back to help mentor the younger kids, that would be
one thing, but | don't know how you express that.”

A second aspirational goal of CT assessment mentioned by interviewees was to
measure gains in knowledge of CT content and how the library programming helped
students learn CT. As stated by Jeremy from an urban library in the Western US: “Like
before you came to the program, what was your understanding of these concepts and
practices about computational thinking and how did that change at the end of the pro-
gram?” This goal for CT assessments can also be seen in Cole (suburban Midwest), who
rhetorically asked: “can [the child] actually demonstrate that there was an understanding of
a concept or some comprehension or as | mentioned before, like some vocabulary that they
picked up that they understand?” In these responses, we see rather school-like views of
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assessment serving as a means to measure content mastery. However, as Lila, a librarian
from the suburban Southeastern US, notes, this can be challenging given the amorphous
nature of CT, saying “I feel like some of my goals are so abstract that I'm not sure the kids
could really viably tell me."

Another form of assessment library staff were interested in was not focused on content
mastery or learning, but rather gaining insight into youth’s areas of interest and percep-
tions of the CT programs currently run, or, as Jean from the suburban Northeast puts it,
“seeing what the kids actually want to be doing”. The goals of such assessments were stated
to be both as a way to understand the learning experience but also to serve as a way to
inform future program design, as Lauren, a librarian from the suburban Northeast US, said,
she would like to ask the youth that visit her library: “what was your favorite thing about
the lesson? What are you still confused on? What would you like to know in the future? Like
that kind of thing, which would help me kind of build the next classes.” This same sentiment
can be found in Holly’s response where she says that she is looking for a “kind of metric
[that] will tell me if I'm hitting the right spot and help me design future programming”.
A third example of this can be seen with Julia, a librarian from the rural Southeastern US,
who said she would like “a kind of a cumulative evaluation at the end of the programs to see
just anonymously what they thought. How did, did you, did this work for you? Did your
children enjoy this? What would you like to see in the future?” This comment is interesting as
it seeks the input of both the kids and their parents for assessing the program. While there
are surveys that exist to assess attitudes towards computing that could be useful for
shedding light on this desired information (e.g., the Computing Attitudes Survey (Dorn &
Elliott Tew, 2015)), they have primarily been designed for formal learning contexts (or
other contexts where youth can be required to complete them, like computing camps) so
do not fit well in the free-choice setting of a library.

Library staff also articulated a desire for developmentally appropriate assessments,
“I would like to, | would love for, to have something that was developed for elementary
students, specifically learning computer science, in afterschool programs, specifically or even
generally” (Alice, urban Midwest). This need was raised due to the fact that libraries
support a range of ages and will have youth at different ability levels participating in
the same activity, meaning a one-size-fits-all assessment might not be appropriate.

Finally, it is worth noting that several participants did not have an answer to this
question, suggesting they do not spend much time thinking about assessments or
prioritizing them in their work. This was succinctly captured in how Matt, a librarian
from the rural Northeastern US, responded to our aspirational CT assessment question:
“I'm open to any ideas, but there’s nothing that | have a burning desire to do as far as
measurement goes”. We include this not to disparage the library staff but to shed light on
the emphasis some library staff place on assessment and measurement relative to the
large set of responsibilities, goals, and challenges they face in their jobs.

To summarize, aspirational CT assessments shared by the library staff included assess-
ments to measure gains in knowledge of CT, a way to measure the long-term impacts of
CT programming in libraries, developmental- and age-appropriate assessments, and
instruments to gauge interest in CT programming in libraries.
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Discussion
Alignment between goals and desired assessments

In analyzing the responses given by library staff to questions related to the goals and
motivations for their CT programming and mapping them on to the types of assessments
that they wish were available, we find general alignment between the two. Library staff
cited conceptual learning gains, positive attitudes, and experiences towards CT, and pre-
paration for future learning and careers as key motivators for bringing CT into their libraries.
At the same time, when asked what they would like to assess, we find a similar list: content
mastery, interest development, and measuring long-term impacts of participation in CT
programming (i.e. impacts on future school coursework and career choices). This presents
a consistent vision for the purpose of CT programming in libraries and a clear alignment
between what library staff want to do and what they want to measure in their programs.

However, in reviewing the assessment approaches currently in use and what is being
measured, we find a disconnect between these aforementioned goals and the assessment
strategies currently in use. Library staff reported mostly relying on attendance and
retention numbers to assess programs. These numbers may serve as a proxy for demon-
strating interest, but they provide little insight into determining whether the CT program-
ming was successful in achieving these goals (e.g., conceptual learning, positive
perception towards CT). Other cited assessment strategies currently in use, such as
observations or impromptu interviews, are closer to the types of aspirational CT assess-
ments mentioned (e.g., greater insight into emerging interest) but these current strate-
gies in practice lack the systematicity or structure (e.g. interviews or observation
protocols) that are important for providing a clear and consistent understanding of the
impact of CT programming.

It is also worth mentioning that one of the explicitly stated goals for bringing CT into
libraries, that of providing access to tools and technology that youth may otherwise not
be able to experience, was not mentioned in response to the interview questions around
desired assessments. Whereas most of the other motivations speak to some sort of
change in the program attendees over time (i.e. learning a new skill, developing a new
interest), the goal of physical access does not have a temporal dimension, but instead
captures in-the-moment events (i.e. a youth using a technology they otherwise may not
have had). In this way, the assessment of access need not be administered more than
once (i.e. is not longitudinal) and can be captured through the currently used strategies at
the library (e.g., attendance, observation, impromptu interviews), which means it may be
an easier metric to capture as it is not subject to the challenges related to retention and
structure of library programming that many of the other dimensions rely on and can be
challenging for libraries.

Difficulties in assessing some stated goals

One of the findings of this study is the inherent challenge of assessing some of the stated
goals for CT programming in libraries. For example, if the goal of a library program is to
better prepare youth to pursue technology-related careers, how do you know if the
program was successful in achieving this? This is not just a question of timeline and
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logistics (i.e. there being a potential decade-long year gap between the CT program and
the youth settling into a career) but more fundamental questions of causality and
measure of impact. The various experiences and factors that feed into the decisions of
an academic major or what career to pursue are complex to be able to measure the
impact of something like participating in a library program in a meaningful way. The point
here is not that the stated goals are unimportant or that library CT programming cannot
have the desired impact but rather a recognition of the current limitations of assessment
as it relates to such goals of library programming.

A second difficulty around assessing some of the stated CT goals is not nearly as
intractable as the first but nevertheless one that needs to be recognized. The recency
of the emergence of CT and the introduction of CT programming in libraries, coupled
with the continued uncertainty around exactly what constitutes CT is a source of
difficulty in assessing CT. This difficulty goes beyond the potential lack of expertise
within a specific library but a recognition that we as a community of researchers and
scholars do not yet know how to effectively assess some of the central tenets of CT. For
example, how do you assess a person’s mastery of the use of abstraction? Or their
ability to effectively decompose problems or create modularized solutions that are
more easily reused? Likewise, practices such as debugging and effective use of trial-
and-error are central tools in the CT toolbelt but similarly lack reliable, valid assess-
ments. We raise this point so as to align the challenges faced by libraries and library
staff around the challenges of assessing CT with those of other educators and educa-
tion researchers. In aligning these groups, we hope to highlight ways that advances
made around CT assessment in one context may also be applied in the other. We see
this as bidirectional, innovations from the informal learning communities may advance
assessing CT in formal contexts and vise versa. Linking these two communities may
serve as one way to help address some of the difficulties identified by the library staff
interviewed in this study.

Assessing computational thinking in libraries versus schools

Throughout the interviews, the library staff we interviewed often discussed their relation-
ship with schools. At times, this was in order to highlight similarities in the form of goals as
it relates to CT and potential ways the two can complement each other. At other times,
schools were brought up as a contrast to libraries and the nature of learning in library
contexts. In particular, differences were brought up with respect to slightly different goals
between the two, and the differences as it relates to the different forms assessment can
(and should) take.

For example, several library staff pointed out how enjoyment and engagement are
central goals of CT programming in libraries in a way that need not be a central concern
for teachers in schools where attendance is compulsory. This has direct implications for
assessment. If the assessments being administered in the library are “school-like” (i.e. pen-
and-paper surveys), then youth will not take them, or will not take them seriously,
rendering the data useless. This means an alternative form of assessment needs to be
used, where the assessment itself is either engaging or is embedded within the activity
itself. This is a growing area of interest in CT and there has been some recent work focused
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explicitly on formative CT assessment that prioritizes playfulness and engagement, such
as the Beats Empire project (Basu et al., 2020).

Another interesting distinction raised about the differences between schools and
libraries that has direct implications on the nature of assessment relates to the
stated goals. Whereas schools largely prioritize conceptual learning and skill devel-
opment, library programming also has an emphasis on interest development and
developing other “soft skills” (e.g., communication, collaboration, perseverance). As
a result, assessments designed for school contexts that reflect the priorities of
schools (i.e. conceptual understanding) may not be a good fit for libraries given
this difference in goals (along with the fact that pen-and-paper assessments are
a poor fit for the informal nature of libraries). This is consequential as many of the
assessments that currently exist, especially the subset that have been validated,
have been created with school contexts in mind, rather than informal or interest-
driven learning that libraries strive for.

Audiences and implications

This research has two primary audiences with different implications for each. The first
audience is individuals working in or with libraries to offer CT programming. This work can
provide a framework for reflecting and rethinking current and future CT programming,
the goals of such programming, and potential ways to rethink how, why, and when the
programming is being offered. The implications of this work to those audiences is to help
those doing this work situated their motivations, challenges, and assessment goals
relative to others in a similar position and help provide a language for future discussion
and orient future efforts to bring CT into their libraries. The second is those seeking to
support the creation of tools, curricular activities, and assessments for libraries. We
commenced this work by capturing the voices of public library staff who are responsible
for bringing CT into libraries to answer these research questions. In doing so, we synthe-
size the needs of library staff so as to inform those seeking to help them, in particular, this
work provides a road map for future work, specifically as it relates to CT assessments for
libraries.

Situating the contribution of this work within the literature review presented at
its outset, this research advances our understanding of libraries as a context for
engaging youth with CT broadly while specifically contributing to our understand-
ing of challenges and opportunities related to assessing CT programming in
libraries. This work bridges existing scholarship on the state of CT in libraries
(Subramaniam et al., 2018b; Taylor et al., 2018) with the growing body of research
on how to assess CT (Tang et al., 2020; other articles in this special issue). In
focusing on assessment, it adds another dimension to the discussion that up to
this point has been more focused on questions related to how to bring CT in
libraries (e.g., Braun & Visser, 2017). Broadening the literature to include questions
of assessment can help inform and improve the important work already done.
A central finding of this research is highlighting the disconnect between the
motivations library staff have for bringing CT into their libraries (e.g., positive CT
experiences, conceptual CT learning, career readiness, access to technology) with
the forms of assessment most frequently employed (e.g., attendance and retention
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measures, surveys). This disconnect is partially explained by the various challenges
cited in bringing CT into libraries (e.g., informal nature of library programming,
difficult to measure outcomes, lack of existing assessment tools). In identifying this
disconnect, and further articulating the types of assessment library staff would like
to use to evaluate the CT programming (e.g., learning gains, increased interest,
long-term impact), this work both contributes to our understanding of the current
state of assessing CT in libraries while also laying out a roadmap for future work.

A roadmap for future work

One of the goals of this work is to understand the current state of CT assessments in
library contexts so as to set a research agenda for future work. In asking library staff
questions related to the goals of their CT programming as well as their hopes for
aspirational CT assessments and the challenges they currently face in assessing their
programming, we gain insight into exactly what the needs are for a community of CT
educators faced with meaningful, pertinent, and pressing assessment challenges. The
findings from this work reveal an immediate need for more CT assessments that can
be employed in libraries that can capture aspects including interest development,
shifting perspectives towards computing and CT, and conceptual learning. At the
same time, these assessments must adhere to the norms and constraints of library
contexts. This includes the informal, opt-in nature of programming in libraries and
a recognition that the person who may be administering the assessments might be
as new to the subject area as the youth being assessed. While these may be
significant challenges, so too are the potential benefits of succeeding in making
progress towards useful CT assessments for libraries given the critical role they play
in bringing CT learning opportunities to communities around the world. Future work
of this research team will involve designing, developing, and testing such assess-
ments in libraries that are actively offering various types of CT programming through
a participatory approach (Subramaniam, 2016; Yip et al, 2019). As CT and its related
concepts and practices become increasingly prevalent, and the role of libraries
continues to grow, having accurate, informative, and adaptable CT assessment can
go a long way in ensuring the CT programming happening in libraries around the
world achieves its full potential.

Conclusion

The emergence of CT as an educational movement has resulted in a renewed focus
on creating pathways for youth to meaningfully engage with technology and the
powerful computational ideas that enable it. Increasingly, libraries are playing
a significant role in providing CT learning opportunities to youth. As CT learning
programs in libraries grow and mature, it is important that the people running these
activities have the ability to assess whether or not the programming is achieving its
goals. With this work, we focused on libraries as contexts for CT engagement and
investigated what the goals of CT programming are in libraries and what challenges
libraries face in trying to assess their current CT programming. We also presented
findings as to what libraries would like to be able to assess. In doing so, we advance
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our understanding of the current state of CT programming in libraries and provide
insight into why and how libraries are providing CT programming. This research
contributes to the literature seeking to understand the various ways we can deliver
on the goal of bringing CT to all youth and lays the groundwork for future research
seeking to equip library staff with the tools they need to provide effective, engaging,
and successful CT programming to the youth they serve.

Notes

1. We use the terms “programming” and “programs” in this paper to describe structured
activities offered in libraries (e.g., “library programs” or “CT programming”). This is
a common vernacular in library scholarship.
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