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Figure 1: This figure shows the methodology used to inductively identify an enhanced list of PCP literacy barriers. We started
with 90 questions from the PCP Literacy Intervention [21] and identified 17 questions where majority of the participants per-
formed poorly on those questions. We then performed two rounds of Group Coding starting with the original set of barriers
([9]) and extending it to include new barriers. The questions were then each tagged with the barriers and the set of barriers was
updated accordingly. The final set of extended and enhanced barriers was refined and recorded. We further classified them into

four categories that can be found in Table 2.

ABSTRACT

Parallel coordinate plots (PCPs) are gaining popularity in data ex-
ploration, statistical analysis, predictive analysis along with for
data-driven storytelling. In this paper, we present the results of a
post-hoc analysis of a dataset from a PCP literacy intervention to
identify barriers to PCP literacy. We analyzed question responses
and inductively identified barriers to PCP literacy. We performed
group coding on each individual response and identified new barri-
ers to PCP literacy. Based on our analysis, we present a extended
and enhanced list of barriers to PCP literacy. Our findings have
implications towards educational interventions targeting PCP liter-
acy and can provide an approach for students to learn about PCPs
through active learning.

1 INTRODUCTION

Learning to read, interpret, and create Parallel Coordinate Plots
(PCPs) is essential due to the fact that PCPs are being used more
frequently in data science (exploration and explanation), business
analytics, scientific research, and more. While PCPs are familiar to
researchers in the data visualization community, they are not as fa-
miliar to data analysts and others who may benefit from using PCPs
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for data analysis and exploration.

Identifying novel ways of teaching and assessing student un-
derstanding of data visualization techniques was identified as a
challenge by Bach et al. [1]. Peng et al. [21] introduced a novel
approach to teach students about Parallel Coordinate Plots using
Bloom’s taxonomy-based modules. They also introduced assess-
ments to evaluate student performance on each module.

In this paper, we aim to get a better understanding of the barriers
faced by new learners when they encounter PCPs. These barriers
may be faced when an individual attempts to read and interpret a
PCP or when a data practitioner/scientist creates a PCP for multi-
dimensional data exploration and visualization. We present results
from an inductive process of identifying barriers to PCP literacy
based on previous investigations into PCP literacy conducted by
Peng et al. [21]. We analyze the accuracy scores of students across
a range of tasks from identifying, comprehending, analyzing, eval-
uating, as well as creating PCPs. We conducted this analysis on
a total of 90 questions and identified the 17 questions where the
average student accuracy was the lowest. We then examined the
individual questions, the PCP for that question, and the task that
the students were expected to conduct to answer the question accu-
rately. We performed group coding [6, 13] of the various barriers
that students may have faced when answering the question. Previ-
ous work by Firat et al. [9] implied that there may be a single barrier
that may affect an individual’s ability to interpret PCPs. In this pa-
per, we posit that when interpreting a PCP, there may be more than
one barrier that is responsible for the overall low average accuracy
of the students when viewing a specific PCP.

Here are the contributions of the paper:

1. Aninductive analysis of a pre-existing PCP literacy study [21]



2. An extended and enhanced list of barriers to PCP Literacy
based on the inductive analysis

3. A discussion of the implications of the enhanced barriers on
educational interventions related to PCP literacy

2 RELATED WORK

The related work presents research in the field of visualization lit-
eracy followed by an exploration of the challenges associated with
interpreting and understanding visualizations, which then goes into
an in-depth examination of PCP literacy.

2.1 Visualization Literacy

Visualization literacy [10] has evolved over the past decades as the
ability to interpret and create interactive visual charts and designs.
In particular, Borner et al. [4] define it as the “the ability to make
meaning from and interpret patterns, trends, and correlations in
visual representations of data” while Lee et al. [17] refer to it as
“the ability and skill to read and interpret visually represented data
in and to extract information from data visualizations”.

In the past, many research studies have focused on visualization
literacy and the creation of assessments to evaluate an individual’s
level of visualization literacy. Boy et al. [5] used the Item Response
Theory to develop a reliable and effective test featuring line graphs,
bar charts, and scatterplots to identify users with lower levels of
visualization literacy. Lee et al. [17] introduced the Visualization
Literacy Assessment Test (VLAT), which has since become widely
recognized and established. The VLAT consists of 12 data visual-
izations and 53 multiple-choice questions. It is designed to evaluate
an individual’s ability to understand and interpret various types of
visual designs. Recently, Pandey and Ottley introduced the mini-
VLAT [20] that provides an abbreviated visualization literacy as-
sessment test with only 12 items. Ge et al. [12] expanded previous
definitions to include the ability to detect and reason about visual-
ization misinformation. They developed the Critical Thinking As-
sessment for Literacy in Visualizations (CALVI), which consists of
a mix of trick items and normal items to estimate a user’s ability to
detect visualization misinformation.

2.2 Barriers to Visualization Literacy

Even though visualization literacy is crucial, numerous individuals
find it difficult to read and interpret charts and graphs. Nobre et
al. [19] investigate the barriers faced by individuals who misinter-
pret visualizations, with the goal of identifying their specific cog-
nitive gaps. They utilized the VLAT test and enhanced it to gather
both quantitative and qualitative data, including student sketches
and open-ended responses, to gain a deeper understanding of users’
mental models. However, they did not delve into the specifics of
PCP barriers. Researchers have also identified barriers in inter-
preting specific visualization techniques. Firat et al. [8] examine
challenges in treemap literacy to improve skills among non-expert
users. They utilize a treemap literacy assessment to identify barri-
ers hindering comprehension and construction of treemaps. Similar
work has been done by Firat et al. [9] in the field of PCP literacy,
which is discussed in detail in Section 4.1.

2.3 PCP Literacy

Previously, multiple user studies on PCPs have been formulated to
inform and evaluate the usability of the design. Inselberg [14] has
written thoroughly on parallel coordinates and provides an exten-
sive guide. Johansson and Forsell [15] present a detailed literature
review that focuses on user-centered evaluation and analyzes the
usability of parallel coordinates. Firat et al. [9] define PCP literacy
as “the ability to correctly read, interpret, and construct PCPs”.
However, PCPs have a reputation of being difficult to comprehend,
especially if the implementation lacks essential features [22, 11].

Wang et al. [23] introduce cheat sheets as tools to aid in learn-
ing and using various data visualization techniques. They highlight
how cheat sheets can facilitate understanding and creating Parallel
Coordinates Plots by providing diagrammatic explanations. The pa-
per also identifies three common pitfalls in PCPs as barriers: visual
clutter, overplotting, and difficulty in tracing lines across multiple
dimensions.

Choe et al. [7] developed a conversational LLM-based inter-
face to help people read less familiar charts such as scatterplots,
treemaps, and parallel coordinate plots. They found that their in-
terface helped viewers interpret charts, but participants with less
familiarity with data analysis did not engage as much with the data
being represented in the charts. Recently, Joshi et al. [16] evaluated
the ability of LLMs to teach novices about PCPs using Bloom’s
taxonomy. They found that while some LLMs provided useful di-
rections, there were some hallucinations and the intervention would
be better design in collaboration with a human expert.

Firat et al. designed the Parallel Coordinates Literacy Test (P-
Lite) [9], utilizing a variety of images produced by widely-used
PCP software tools. P-Lite was developed to assess users’ under-
standing and ability to interpret complex high-dimensional visual
designs such as parallel coordinates. Through the assessment, they
identified 7 categories of difficulties for readers and present them as
a list of barriers in understanding and interpreting PCPs. Labels and
Legends were identified as two of the barriers, but they were not fur-
ther investigated. This is because the absence of labels and legends
indicates that the PCP design is incomplete. Their paper identifies
further barriers to PCP literacy as future work. We present an up-
dated list of barriers to PCP literacy based on our analysis.

3 METHODOLOGY

The goal of this paper is to identify barriers faced by individuals
reading, interpreting, and, in some cases, constructing Parallel Co-
ordinate Plots. Figure 1 shows an overview of the methodology
followed to inductively identify an extended and enhanced list of
barriers to PCP literacy. We started with 90 questions from the PCP
intervention by Peng et al. [21] By examining the accuracy scores
of questions from each module, we identified and selected 17 ques-
tions on which students scored the lowest. We then analyzed the
17 questions to identify 12 barriers for PCP literacy. There were
a total of 55 undergraduate students across two different offerings
of a Data Visualization course. Out of those, 54 students were in
the 18-24 age group, 1 student was in the 25-44 age group, with 14
females and 41 males.

Peng et al. previously developed an assessment to evaluate users’
understanding of parallel coordinate plots [21], structured accord-
ing to Bloom’s Taxonomy [2]. Figure 2 shows a schematic of the
individual modules developed by Peng et al. [21] based on Bloom’s
taxonomy. They developed teaching and assessment for each cogni-
tive module in Bloom’s taxonomy to teach PCP literacy to students.
In the Remember (R) module, students were taught to remember
what a PCP looks like. In the Understand (U) module, students
were taught how a PCP works and the various aspects that go into
making a PCP from multivariate data. In the Apply (Ap) module,
students applied their learned knowledge by drawing a PCP “by
hand” on a piece of paper or using a software-based drawing tool.
In the Analyze (A) module, students were asked to analyze PCPs
and make decisions based on the charts. In the Evaluate (E) mod-
ule, students were asked to critique and evaluate PCPs with faults
in them. In the Create (C) module, students were instructed to gen-
erate PCPs using real-world tools and answer questions based on
the chart constructed by them.

The overall literacy intervention by Peng et al. [21] consisted of
90 multiple-choice questions. We analyzed the average accuracy
scores to identify questions where the students performed the worst
in each module of Bloom’s taxonomy. We selected 2-5 lowest per-
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Figure 2: This figure shows an overview of the PCP literacy mod-
ules developed by Peng et al. [21] that were based on the six cog-
nitive levels as stated in Bloom’s taxonomy. Image credits: Peng et
al. [21]

forming questions per module. For example, from the Remember
module we identified two questions and labeled them as R1 and R2
in the rest of the paper. Similarly, for the rest of the questions from
the other modules.

Specifically, we identified a total of 17 questions with rela-
tively low accuracy scores, designating them as the “worst per-
forming” questions. The question bank included a variety of
question types, featuring standard multiple-choice questions as
well as Yes/No/Not sure questions. All the questions per mod-
ule can be found in the original data that was made available
by Peng et al. [21] at https://github.com/vis-graphics/
pcp-literacy/tree/main/surveys.

During this process, we examined each PCP and analyzed the
distribution of responses across different answer choices. By iden-
tifying potential reasons for incorrect answers, we observed a re-
curring set of factors. We identified these reasons as additional
barriers that could have challenged the student’s interpretation of
the PCP and consolidated them with previously published barri-
ers to create a unique, comprehensive set of barriers. The updated
list is available in Section 4.2. This refined set of barriers facili-
tated a more thorough understanding of the reasons behind the poor
performance of certain questions, thereby enhancing the overall as-
sessment methodology.

4 BARRIERS TO INTERPRETING PARALLEL COORDINATE
PLOTS

In this section, we present previous barriers [9] as well as the ex-
tended and enhanced set of barriers identified through our inductive
analysis. For these enhanced set of barriers, we provide specific
examples that demonstrate how that barrier may have played a role
in lower accuracy numbers for those questions.

'One question (E3) had confusing answer choices and was hence disre-
garded, despite its low accuracy rate of 52%.

4.1 Previous Barriers

In previous work, Firat et al. [9] identified the following as barriers
to PCP literacy.

1. Space: PCPs use a layout with repeated parallel axes (typi-
cally 2-10) instead of the two orthogonal axes in Cartesian
Coordinate Plots (CCP), and this unfamiliarity can create a
barrier to interpretation.

2. Multivariate: A challenge in understanding parallel coordi-
nates is the need to interpret the attributes of multivariate or
high-dimensional data and their relationships.

3. Correlation: Identifying and interpreting the correlation be-
tween data dimensions in PCPs is challenging due to the need
to understand edge slopes and statistical terminology like cor-
relation, which adds complexity.

4. Distribution: The uneven distribution of edges across screen
space in PCPs can make it difficult to follow polylines as they
cross and obstruct each other, leading to higher visual com-
plexity and occlusion.

5. Order: The axis layout order in PCPs, which determines the
placement of axes in screen space, can hinder understanding
of relationships between non-adjacent data dimensions.

6. Path Tracing: Path tracing is a new task specific to PCPs that
is not required in CCPs.

7. Edges vs Points: In a PCP, edges represent points as they do
in a CCP, but this conversion can lead to cognitive challenges.

4.2 Extended and Enhanced Barriers

These barriers were identified by performing group coding [13] on
each individual question. Group coding [6] of qualitative data is
used due to various benefits such as increased reliability, reduced
bias due to multiple perspective, enhanced quality of coding due
to potential for discussion and debate, as well as for efficiency. To
identify these barriers, we conducted two rounds of group coding
where we first identified a first set of barriers starting from the orig-
inal set of barriers from the PCP barriers by Firat et al. [9]. The set
of barriers was then extended and enhanced as we examined every
low-accuracy question and tagged it with all the applicable barri-
ers. In the second round, we revisited every question as a group and
tagged every question with the new barriers. The group coding was
conducted synchronously using a remote collaboration platform by
four researchers in the team.

1. Edge Crossing affects path tracing: With frequent edge
crossings, it becomes hard to follow a single line from one
dimension to the next because the human eye can easily lose
track of the path among all the intersections. It can also lead
to incorrect assumptions about relationships and correlations.
Figure 3 shows an example PCP where the edge crossings
make it very difficult to trace a path across the axes.

Figure 3: C1 (Accuracy = 69%) - The barriers for this PCP include
the absence of color and edge crossing affecting path tracing, and a
challenging domain context.
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2. Domain Context: An obstacle to interpreting parallel coordi-

nate plots is the necessity of having domain-specific, contex-
tual knowledge to understand the relationships between com-
plex variables. Figure 4 shows one such question where the
domain may not be familiar to the student and may have re-
sulted in low performance on the question.

and Sankey diagrams, by new learners. The similarity be-
tween line charts and PCPs lies in their use of lines and simi-
lar axis structures to represent data points. Additionally, PCPs
featuring curved lines can be confused with Sankey diagrams,
as both use curved lines to depict data flow, and the parallel
axes in PCPs can be misinterpreted as nodes in Sankey dia-

grams. Figure 4, Figure 10, and Figure 11 show examples
where a student may have confused the visual design with ei-
ther a Sankey diagram or a multi-series line chart.

sge vakie 01 the Gaia Magnitude axis?

6. Normalized data labels: Normalization makes it easier to
compare variables directly, but it also eliminates the original
scale and units, which makes it more difficult for readers to
understand the actual magnitude of the data. Interpretation is
further complicated by the possibility that readers will find it
difficult to mentally convert normalized values to their origi-
nal scales without clear explanation. Figure 6 shows an exam-
ple PCP where the normalized data labels could be one of the
barriers that may have affected the accurate comprehension of

Figure 4: U1 (Accuracy = 39%) - Barriers in interpreting this PCP the PCP.
include edge crossing that affects path tracing, confusion with other
visualization designs such as Sankey diagrams, the use of curved P
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3. Axis and Data Labels (Font Size): Small font sizes can make
it challenging to read the PCP clearly and identify specific
values or data points. Figure 4 and Figure 12 show an example
question where the font size of the axis and data labels is too
small. 050

075 |

Weight
2000

o 1500

l 1000
500

4. Missing/incorrect color legend: A missing or incorrect color
legend is a significant barrier to interpreting PCPs because
users cannot accurately identify what each color represents,
leading to confusion and misinterpretation of the data. Fig-
ure 5 shows an example with a problematic color legend that
has multiple colors assigned to the same label. Figure 6 shows 0.00
a PCP that has a missing value in the color legend. Figure 4
shows a PCP that contains color but does not contain a color

0.25

Figure 6: E1 (Accuracy = 28%) - The barriers for this PCP include

legend. axis labels that are inconsistent with the data, normalized data la-
bels, and challenges with color identification, and edge overlapping.
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Figure 5: E8 (Accuracy = 69.7%) - The barriers for this PCP in- Rsotriapiipter
clude axis labels that are inconsistent with the data, normalized data Alsbars .8, M Urkrsaly

labels, and issues with color identification. Figure 7: U3 (Accuracy = 79.5%) - The barriers for this PCP in-
clude edge crossing and the absence of color, which impacts path
5. Confusion with other visualization designs: PCPs can be tracing.
mistaken for other visualization techniques, such as line charts



8. Color identification: Constantly comparing the legend with
polylines to match colors can be cognitively challenging, es-
pecially if the polylines are thin, colors are too light, or too
similar, making differentiation difficult. Figure 8 and Figure 6
show examples where a student may have trouble matching
the colors in the legend with those in the PCP.
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Figure 8: E4 (Accuracy = 38.3%) - The barriers for this PCP in-
clude axis labels inconsistent with the data, normalized data labels,
confusion with other visualization designs such as line charts, and a
color legend where similar but not identical colors may hinder color
identification.

9. Axis labels & Data mismatch: Incorrect axis labels can ob-
scure the contextual understanding of variables, create con-
fusion about what each axis represents, and make accurate
comparisons between data points across different axes chal-
lenging. Figure 9 shows an example question where the axis
labels for the first axis are incorrect.
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Figure 9: U2 (Accuracy = 54.3%) - The barriers for this PCP in-
clude axis labels incorrect as compared with the underlying data,
challenges with domain context and normalized data labels. Specif-
ically, the labels on the first axis (sepal_length) are incorrect.

10. Curved Lines: Curved lines pose challenges in accurately es-
timating values between data points and can lead to misinter-
pretation of trends and data values. Figure 10 shows one such
question where the polylines are curved. While the overall
accuracy for this question was not particularly low, it was one
of the top two lowest performing questions in the Remember
module [21]. Figure 10 and Figure 4 are examples of ques-
tions where curves were used instead of straight lines in the
PCP.

Figure 10: R1 (Accuracy = 90.7%) - The barriers identified for this
question were challenges associated with not knowing the domain
of the data, confusion with other visualization designs such as a
Sankey diagram, the curved lines may have confused viewers, and
there is no color legend for this chart.

11. Missing consistent vertical axes: Inconsistent vertical axes
can make the plot harder to read and interpret, and can also
hide any trends or patterns, making it difficult to recognize
meaningful relationships. Figure 11 shows one such question
where one axis is shown, but the other vertical axes are miss-
ing from the PCP.
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Figure 11: R2 (Accuracy = 96.7%) - The barriers for this PCP in-
clude missing consistent vertical axes causing confusion with other
visualization designs, such as line charts. Additionally, the students
may not have enough context knowledge about the domain of the
data.

12. Brushing can affect path tracing / legibility: Brushing can
be an extremely effective way to explore patterns in the data
without losing context where the selected region is shown
clearly and the rest of the data is represented in gray for con-
text. While brushing can help the reader see patterns, it may
also remove important cues needed to understand the overall
distribution or relationships. Figure 12 shows one question
where brushing is one of the barriers that makes it difficult to
trace paths accurately.



Barriers ES \ E6 \ E7 \ ES \ cl \

Edge Crossings affect path tracing v v v Ve A e v v v v
Domain Context v v v v v v v
Axis and Data Labels (Font Size) v v v v v v

Missing / incorrect color legend v v v v |V v

Confusion with other vis design v v v v v

Normalized Data Labels v v v v v

Lack of Color affects path tracing v v v |V v
Color identification v v |V v v

Axis Labels & Data mismatch v v v v
Curved Lines v v

Missing Consistent Vertical Axes v v

Brushing affects path tracing v v

Accuracy 90.7 | 96.7 | 543 | 61 | 79.5 | 72 69.7 | 72 | 74 | 28 | 46.7 | 383 | 65 | 683 | 69.7 | 69.7 | 69

Table 1: Extended and Enhanced List of Barriers for PCP Literacy - This table shows the individual questions in columns and the various
barriers that may have affected the performance of students when answering questions in the respective module. The first letter R, U, and so
on corresponds to the cognitive module from Bloom’s taxonomy (refer to 2) and the number after it is a question in that module. For example,
R2 is the 2nd question in the Remember module. The supplementary material contains details on every question used for the analysis. The
table is sorted according to the barriers that were most frequently associated with PCP interpretation at the top (Edge Crossing affect path
tracing) and the least frequent barriers towards the bottom.

diagrams or multi-series line charts.

After examining the list of extended and enhanced barriers, we
grouped the barriers into specific categories based on the challenges
faced by students or challenges in the construction of the PCP (and
it’s associated color legend). Table 2 shows the various categories
Rl L\ 7N of the barriers. The four identified categories are: (i) path tracing

\ R / (i1) Labels (iii) Color legend and (iv) Other. We found that major-
! 7 ity of the challenges were associated with path tracing. Issues re-
e/ o | lated to either multiple edge crossings or challenges associated with

\ 4 Y/ brushing or lack of color can adversely impact the ability to trace

- a path. Barriers related to the size and accuracy of the data and

axis labels shown on a PCP were relevant too. In some cases, the

Figure 12: Al (Accuracy = 69.7%) - The barriers for this PCP in- data labels were normalized between 0.0-1.0 thus making it difficult
clude the small font size of the axis and data labels, the absence for readers to accurately understand the underlying data. Another
of color affecting path tracing, brushing impacting path tracing and category or barriers that emerged was related to the Color Legend.
legibility, and edge crossing also affecting path tracing. Either the colors in the color legend were difficult to match with the

polylines in the PCP or, in some cases, the color legend had errors

or even colors that were not shown in the PCP. The last category
5 DISCUSSION contained barriers associated with not knowing the domain of the
underlying data, confusing a PCP for new learners with other vi-
sualization designs, and, in some cases, some PCPs did not have a
vertical axis for each variable in the data.

The final expanded and validated set of barriers for PCP literacy can
be found in Table 1. We examined the accuracy scores (shown in
the last row of the table) and found that the questions where the ac-
curacy scores were the lowest (E1, E2, E4, U1) were the ones where

the most frequent barriers were encountered such as “Edge Cross- 5.1 Implications for Educational Settings

ings affect path tracing”, “Domain Context”, “Normalized Data Our findings suggest that creators of educational interventions for
Labels”, “Missing / incorrect color legend”, and “Confusion with PCP literacy should focus on addressing these barriers when de-
other visualization designs.” signing novel software to teach students about PCPs, or creating
Table 1 is also sorted in order from most frequent barrier when videos or cheat sheets [23] that introduce students about how to read
reading PCPs to the least frequent barriers. As can be seen from the and create PCPs. These pedagogical approaches (interactive soft-
first row, Edge Crossings are identified as the most common barrier ware, videos, and cheat sheets) would help diverse learners learn
when reading PCPs, as students have trouble following a polyine through various modalities about PCPs keeping in mind the chal-
due to the edge crossings in the chart. Similarly, lack of familiarity lenges associated with interpreting and creating them.
with a domain can also impact the ability of an individual to read These barriers could also inform instructors who teach in the
a PCP, as can be seen in the second row (Domain Context) of the classroom about common stumbling blocks that their students may
table. Issues related to the axis and data labels as well as the color face when learning about PCPs for the first time. The barriers could
legend are frequent as well. Another common barrier was for some also be addressed in a textbook teaching readers about PCP by indi-

design decisions leading to potentially confused with either Sankey vidually addressing each barrier and showing various examples of



Table 2: This table shows the various categories that the barriers can
be grouped in. We see that most of the barriers are related to path
tracing, but the legibility of the labels is also an important category,
along with color.

Barrier Category | Barrier

Edge Crossings affect path tracing

. Brushing can affect path tracing
Path Tracing

Lack of color can affect path tracing

Curved Lines

Axis and Data Labels are not legible

Labels Axis Labels & Data mismatch

Normalized data labels

Color identification

Color Legend —
Missing/incorrect color legend

Domain Context

Other Confusion with other vis designs

Missing consistent vertical axes

common problems.

With respect to designing new education resources, we recom-
mend the creation of a PCP checklist that students could use to
quantitatively evaluate the quality of a PCP that they encounter.
The practice of evaluating various PCPs would lead to a better un-
derstanding of design considerations for creating a good PCP as
well.

6 CONCLUSION AND FUTURE WORK

We presented an extended and enhanced list of barriers to PCP lit-
eracy based on the analysis of a PCP intervention designed to teach
students about PCPs. Of the 90 total questions used in the interven-
tion, 17 questions were chosen and analyzed. Using group coding,
we identified 12 barriers for PCP literacy (reading, understanding,
and constructing). These barriers were also categorized to identify
overarching themes in PCP literacy. These barriers can inform in-
structors and designers of PCP literacy interventions as they teach
students about PCPs. In the future, we plan to explore the chal-
lenges associated with designing educational interventions for a di-
verse set of students and populations [3, 18].
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