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Abstract

Large Language Models (LLMs) have demonstrated a huge
impact on education and literacy in recent years. We evaluated
the recommendations provided by two popular LLMs (OpenAl’s
ChatGPT and Google’s Bard) to educate novices on the topic of
Parallel Coordinate Plots (PCPs) using Bloom’s taxonomy. We
present the results of a human-expert evaluation of the recom-
mendations provided by both the LLMs with experts from the vi-
sualization literacy field. Based on the analysis of the expert eval-
uation, we found that while both the LLMs provided some relevant
and practical recommendations, some of the recommendations
were either too difficult for novices or were in the wrong cog-
nitive process (according to Bloom’s taxonomy). In some cases,
the hallucinations led to recommendations that were completely
inapplicable to Parallel Coordinate Plots literacy.

Introduction

Large Language Models (LLMs) have been receiving a lot of
attention [19, 25] in higher education due to their potential to pro-
vide solutions to tests and assignments for students [34, 24, 10,
35]. The Visualization Literacy field has also been considering
novel ways to teach individuals how to read and interpret unfa-
miliar charts [5, 1, 29, 33, 13, 28]. Identifying the “best” way to
teach individuals about new/unfamiliar visualization techniques
continues to be an open research problem. Increasingly, visual-
ization techniques such a treemaps, bubble charts, and Parallel
Coordinate Plots (PCPs) are making their way into news media,
fitness apps, and our every day lives [30, 31, 26].

In this paper, we analyzed the results from four visualization
literacy experts who reviewed the recommendations given by two
popular LLMs (OpenAl’s ChatGPT-3.5 and Google’s Bard 2.0.0).
The experts evaluated the LLMs recommendations based on their
prior experience of teaching students the topic of PCPs using the
Bloom’s taxonomy cognitive learning framework [3]. Based on
our analysis of the scores provided by the experts, we found that
while many of the LLM recommendations were useful and poten-
tially relevant, there were some cases where the recommendations
were completely inappropriate for PCP literacy. There were some
cases where the recommendations were appropriate for PCP liter-
acy, but not in the appropriate cognitive stage of Bloom’s taxon-
omy. The experts also stated that some of the recommendations
were too difficult for novices.

Figure 2 shows an overview of our process that included
obtaining recommendations from LLMs, soliciting recommenda-
tions from experts, analyzing the scores, and presenting the find-
ings.

Here are the contributions of the paper:
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* We identified the recommendations provided by popular
LLM:s for visualization literacy using Bloom’s taxonomy.

* The recommendations provided by the LLMs were evalu-
ated by experts in the visualization literacy field with expe-
rience using Bloom’s taxonomy.

* The expert evaluations suggest that the recommendations
provided by the LLMs, while mostly useful, are not always
applicable and some may have significant errors.

Background - Bloom’s Taxonomy

Bloom’s taxonomy [3, 4] was proposed by Benjamin S.
Bloom in 1956 as a cognitive framework for instruction and as-
sessment of learning outcomes. It contains six cognitive processes
that build on each other and enable learners to obtain and demon-
strate proficiency as they traverse through the cognitive processes.
Figure 1 shows the six cognitive processes starting from the Re-
member category at the bottom of the pyramid. We provide a
quick overview of Bloom’s taxonomy,

1. Remember facts related to the concept. Being able to re-
member and retrieve basic characteristics about a given con-
cept is an essential first step. As Kratwohl [21] states, learn-
ing frequently focuses only on this step.

2. Understand - This process relates to the ability of a learner
to demonstrate their ability to explain, classify, describe
their understanding of a given concept.

3. Apply - In this stage, the learner has an opportunity to ap-
ply their acquired knowledge through hands-on learning to
solve a problem or execute a set of steps.

4. Analyze - This process requires learners to apply their
metacognitive processes incorporating their learned concept
by comparing, distinguishing, and drawing connections be-
tween prior concepts and the given topic.

5. Evaluate - As the learner increases proficiency, their ability
to critique or appraise a certain situation is crucial. This
engages higher order metacognition and requires learners to
justify their decision(s).

6. Create - In the final step, learners are required to synthe-
size their acquired knowledge and demonstrate proficiency
by creating or formulating a new or original piece of work.
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Figure 1. The Six Cognitive Processes in Bloom’s Taxonomy. The Cogni-
tive Processes start from the introductory tasks such as recalling facts and
remembering concepts at the bottom of the pyramid to producing original
work based on a deep understanding of a given focus concept. Image cred-
its: Center for Teaching, Vanderbilt University [2].

Related Work
LLMs and Data Visualization

Researchers in the data visualization community have ex-
perimented with ChatGPT in the context of graph layout algo-
rithms [12]. Chen et al. [9] found that the Generative Pre-trained
Transformer (GPT) model in GPT-4 performed better than GPT-
3.5 to complete assignments in their data visualization course.
Additionally, the teaching assistants could distinguish between
human-generated work and GPT-generated work around 70% of
the time.

Data Visualization Literacy

Visualization Literacy is a popular topic in the data visual-
ization research field [5, 6]. Firat et al. [15, 16] have recently
provided survey papers detailing the state-of-the-art and research
challenges related to visualization literacy. There have been many
efforts to increase visualization literacy of the students in a class-
room at the K-12 level [1, 11], higher education [22, 17], and
general audiences [7, 33, 32, 28].

Assessing visualization literacy has been a hot topic as well
with the Visualization Literacy Assessment Test from Lee et
al. [23] followed by the recently introduced mini-VLAT [27]. Boy
et al. [8] developed an assessment tool based on item-response
theory. Recently, Ge et al. [18] introduced CALVI to assess a
viewer’s ability to critically evaluate charts (especially one that
are created to mislead viewers).

Parallel coordinates plots are used in news media and scien-
tific reports to visualize multidimensional data. To increase the
ability of general audiences, Firat et al. [14] developed and evalu-
ated an interactive tool to teach participants about PCPs. Peng et
al. [28] created six modules to teach students about PCPs follow-
ing the cognitive processes in Bloom’s taxonomy.

Methodology

Given the popularity of Large Language models (LLMs) in
higher education [34, 24], we wanted to evaluate their ability to
teach novices about a visualization technique. We chose Parallel
Coordinates Plots due to the fact that they are still not as popular
as Treemaps or Box plots, but well established in the data visual-
ization research field.
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We gave the following prompt to OpenAl’s ChatGPT (GPT-
3.5) and Google’s Bard (2.0.0):

”Using Bloom’s taxonomy, generate prompts for a novice
to learn about Parallel Coordinate Plots.”

Multiple “draft” and regenerated responses for recommen-
dations received from ChatGPT and Bard were collected. The
various drafts/regenerated responses were almost identical to the
original (with minor word variations) and so we used the original
set of recommendations from both the LLMs.

These recommendations were then rated by a team of visu-
alization literacy experts that comprised of three professors, who
conduct research in the field of Data Visualization and Visual-
ization Literacy and one student actively conducting research on
visualization literacy. Each of the recommendations were rated
by each expert using a 7-point Likert Scale (1 - Strongly Disagree
to 7-Strongly Agree) on the following metrics:

* Is this recommendation made by the LLM appropriate / rel-
evant for PCPs?

* Is this recommendation made by the LLM appropriate for
that cognitive process in the Bloom’s taxonomy?

Additionally, we asked the experts to comment on the ap-
propriateness of the recommendations for PCP literacy. For each
cognitive process in Bloom’s taxonomy, we asked the experts: Are
these questions appropriate for PCP literacy? Are they appropri-
ate for this learning module in Bloom’s taxonomy?

The overall results of the ratings of the four experts and a
comparison of the LLMs is presented in the Results Section along
with an analysis of the qualitative feedback received from the ex-
perts. Figure 2 shows a schematic of our process.

We now present the recommendations made by ChatGPT
and Bard to teach novices about PCPs using Bloom’s taxonomy.

Google Bard’s recommendations
Here are the recommendations provided by Bard to teach a
novice about PCPs using Bloom’s taxonomy.

* Remember / Recognize

(Q1.1) What is a parallel coordinates chart?

(Q1.2) What are the advantages and disadvantages of PCPs?
(Q1.3) How do you create a parallel coordinates chart?

¢ Understand

(Q2.1) Explain how PCPs can be used to compare different
sets of data.

(Q2.2) Give an example of how you would use a parallel co-
ordinates chart to make a decision.

(Q2.3) Discuss the different ways that PCPs can be cus-
tomized.
* Apply

(Q3.1) Create a parallel coordinates chart to show the distri-
bution of test scores in your class.

(Q3.2) Use a parallel coordinates chart to compare the
heights of boys and girls in your school.

(Q3.3) Interpret the results of a parallel coordinates chart to
make a recommendation.
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Figure 2. Methodology Overview - We provided the two Large Language Models (LLMs), OpenAl's ChatGPT and Google’s Bard, with a prompt to teach a
novice about PCPs using Bloom’s Taxonomy. We then had four experts review the recommendations on appropriateness for PCPs and appropriateness for the
specific cognitive process in Bloom’s Taxonomy. We analyzed the expert reviews and present our findings.

* Analyze

(Q4.1) Identify the outliers in a set of data using a parallel
coordinates chart.

(Q4.2) Compare the medians of two different sets of data us-
ing a parallel coordinates chart.

(Q4.3) Calculate the interquartile range of a set of data using
a parallel coordinates chart.

¢ Create / Synthesis

(Q5.1) Create a new type of parallel coordinates chart that is
better suited for a specific type of data.

(Q5.2) Develop a new method for interpreting PCPs.
(Q5.3) Write a report on the use of PCPs in data analysis.

OpenAl ChatGPT’s recommendations
Here are the recommendations provided by ChatGPT to
teach a novice about PCPs using Bloom’s taxonomy.

* Remember/Recognize

(Q7.1) Define what a parallel coordinates chart is and its
purpose in data visualization.

(Q7.2) List the key components of a parallel coordinates
chart.

(Q7.3) Explain how PCPs differ from other types of plots,
such as scatter plots or bar graphs.

¢ Understand

(Q8.1) Summarize the steps involved in creating a parallel
coordinates chart.

(Q8.2) Describe the types of data that can be effectively rep-
resented using PCPs.

(Q8.3) Explain the meaning of the different axes and lines in
a parallel coordinates chart.

* Apply
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(Q9.1) Given a dataset with multiple variables, create a par-
allel coordinates chart to visualize the relationships
and patterns within the data.

(Q9.2) Compare and contrast PCPs of different datasets to
identify similarities and differences in their patterns.

(Q9.3) Use a parallel coordinates chart to identify outliers or
anomalies in a dataset.

* Analyze

(Q10.1) Analyze a parallel coordinates chart and identify
trends, patterns, or relationships between variables.

(Q10.2) Evaluate the effectiveness of using a parallel coordi-
nates chart to represent a specific dataset compared
to other types of plots.

(Q10.3) Compare multiple PCPs to identify commonalities or
differences in the relationships between variables.

* Evaluate / Critique

(Q11.1) Assess the strengths and limitations of using PCPs as
a tool for data visualization.

(Q11.2) Critique a parallel coordinates chart and suggest im-
provements or alternative ways to present the data.

(Q11.3) Judge the appropriateness of using a parallel coordi-
nates chart in a specific data analysis scenario, con-
sidering the nature of the data and the research ques-
tion.

» Create / Synthesize

(Q12.1) Create a customized parallel coordinates chart with
additional features or annotations to enhance the vi-
sual representation and interpretation of the data.

(Q12.2) Devise a strategy to handle missing or incomplete
data when constructing a parallel coordinates chart.

(Q12.3) Design a set of guidelines or best practices for creat-
ing informative and visually appealing PCPs.
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Results

In this section, we provide the results of the analysis of the
expert reviews of the recommendations provided by each LLM on
the following two metrics:

* Is this recommendation made by the LLM appropriate / rel-
evant for PCPs?

e Is this recommendation made by the LLM appropriate for
that cognitive process in the Bloom’s taxonomy?
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Figure 3. Remember analysis - The top row shows the results of the scores
received for Bard’s recommendation, while the bottom row shows the scores
for ChatGPT's recommendations. While both the LLMs recommended tasks
appropriate for PCP literacy, the right column shows that experts did not think
that most of the recommendations were appropriate for the Remember stage
of Bloom’s taxonomy.

Figure 3 shows the analysis of the scores of Bard’s recom-
mendations in the top row (Q1.1, Q1.2, Q1.3) and the analysis
for ChatGPT’s recommendation in the bottom row (Q7.1, Q7.2,
and Q7.3). The left column shows the rating for whether the
recommendation was appropriate for PCPs and the right column
shows whether the recommendation was appropriate for the cur-
rent module / cognitive process in Bloom’s taxonomy. The top left
image shows that the recommendations made by Bard for the Re-
member module/cognitive process are quite good for PCPs with a
median of 7 for all three recommendations, whereas the top right
image shows that experts did not rate the questions as appropri-
ate for the Remember / Recognize stage of Bloom’s taxonomy.
Q1.2 requires a novice to state the advantages and disadvantages
of PCPs. While the recommendation is appropriate for PCPs, it is
too early in the learning process to ask a novice to compare and
contrast. This question would be better suited for the Evaluate
or Create/Synthesize stage of Bloom’s taxonomy. Similarly, Q1.3
asks novices How do you create a parallel coordinates chart?.
Given that there is a specific Create stage in Bloom’s taxonomy,
this question received a median score of 1 (strongly disagree)
on whether it is appropriately placed in the Remember stage of
Bloom’s taxonomy.

The bottom row of Figure 3 shows the analysis of the scores
of ChatGPT’s recommendations. The left figure shows that all the
three recommendations from ChatGPT had a high median score of
6.5 or higher. The right figure shows some disagreement among
the expert reviewers for Q7.3. In Q7.3, the recommendation is
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that we ask a novice to Explain how PCPs differ from other types
of plots, such as scatter plots or bar graphs. While this is a good
recommendation for PCP literacy, the expert reviewer scores in-
dicate that it is not the appropriate stage in Bloom’s taxonomy,
especially since the Analyze stage requires learners to compare
and contrast the concept being learned (PCPs, in this case) with
other similar concepts (other types of plots).

Based on analyzing the qualitative feedback of the experts,
the common theme was that the recommendations from Google
Bard were considered appropriate for PCP literacy, but some of
them were not appropriate for the Remember module. The rec-
ommendations from ChatGPT were considered more appropriate
for PCP literacy and for the Remember module, although one ex-
pert commented that “Q7.3 is too advanced for the Remember
module of Bloom’s taxonomy.” It may be too early to ask a stu-
dent to explain how PCPs differ from other types of plots. This is
also reflected in the ratings as shown in Figure 3.
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Figure 4. Understand analysis - Similar to the Remember stage, the ques-
tions recommended by the LLMs are appropriate for PCP literacy, but many
are not appropriate for the Understand stage of Bloom’s taxonomy. Recom-
mendations such as Q8.2 and Q8.3 (bottom row) scored high on both the
metrics, though.

Figure 4 shows the analysis of the expert reviewers’ scores
for the Understand stage of Bloom’s taxonomy for the LLMs.
The top left plot shows that the recommendations from Bard were
rated as highly appropriate for teaching PCP. The plot on the top
right shows that the experts rated the questions quite low, imply-
ing that they were not appropriate for the Understand stage of
Bloom’s taxonomy. For example, Q2.3 asks learners to Discuss
the different ways that PCPs can be customized. This is too early
in the learning process and it may not be something that learn-
ers can do at this stage. Similarly, Q2.1 and Q2.2 also received
low scores for asking learners to (Q2.1) Explain how PCPs can
be used to compare different sets of data and (Q2.2) Give an ex-
ample of how you would use a parallel coordinates chart to make
a decision.

On the other hand, the recommendations by ChatGPT seem
to have received high scores based on the bottom row of charts in
Figure 4. The bottom left figure shows that all three recommenda-
tions were appropriate for teaching PCPs. The bottom right figure
shows that Q8.2 and Q8.3 were appropriate for the Understand
stage, but Q8.1 was not considered appropriate for this stage. This
is probably because Q8.1 asks learners to Summarize the steps in-
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volved in ‘creating’ a parallel coordinates chart. This question
may be more appropriate for the Apply or the Create / Synthesize
stage of the learning process.

We analyzed the qualitative feedback from the experts for
this module and found that Bard’s recommendation were appro-
priate for PCP literacy, but they were misplaced in the Understand
module, where the goal is to ensure that a student can interpret
and understand the chart accurately. ChatGPT’s recommenda-
tions were found to be appropriate by all experts for PCP literacy,
but 2/4 experts were concerned about “Q8.2 being too advanced
for new learners.” Q8.2 asks students to describe the types of data
that can be effectively represented using PCPs.
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Figure 5. Apply analysis - The recommendations from Bard (top row) re-
ceived much lower scores than the recommendations from ChatGPT (bottom
row). The recommendations for both LLMs were not considered particularly
appropriate for the Apply stage (right column).

Figure 5 shows the results of the analysis of the reviewers’
scores of the recommendations of the LLMs for the Apply stage.
The top left plot shows that two of the three recommendations
made by Bard received low scores for teaching about PCPs. Q3.2
Use a parallel coordinates chart to compare the heights of boys
and girls in your school received a very low score and Q3.1 Create
a parallel coordinates chart to show the distribution of test scores
in your class also received a median score of 5. The top right
plot shows that that recommendations were not appropriate for
the Apply stage either with median scores of 5, 3, and 4.5 for the
questions Q3.1, Q3.2, and Q3.3 respectively.

The bottom row of Figure 5 shows the scores received for
ChatGPT. While the bottom left plot looks encouraging, with high
scores for the recommendations being appropriate for teaching
PCPs, the bottom right plot implies that some of the recommen-
dations may not be appropriate for the Apply stage. While Q9.1
Given a dataset with multiple variables, create a parallel coordi-
nates chart to visualize the relationships and patterns within the
data is appropriate for PCPs and for the Apply stage, the (Q9.2)
Compare and contrast PCPs of different datasets to identify simi-
larities and differences in their patterns and (Q9.3) Use a parallel
coordinates chart to identify outliers or anomalies in a dataset re-
ceived lower scores for their appropriateness for the Apply stage.

The qualitative analysis of the experts’ feedback indicates
that Bard’s suggestions were found to be somewhat related to PCP
literacy, but questions such as Q3.2 were found to be “strange and
inappropriate.” All the experts thought that question Q3.1 was a
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good fit for this *Apply’ learning module, whereas Q3.3 was more
appropriate for the previous *Understand’ module. Regarding the
recommendations from ChatGPT, all four experts agreed that the
“Although all questions are appropriate for PCP literacy,” some
of them (such as Q9.2) were more appropriate for the ‘Analyze’
module. This is also reflected in the rating shown in Figure 5.
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Figure 6. Analyze comparison - Two of the three recommendations pro-
vided by Bard for this stage received low scores for both the metrics (top
row). The recommendations from ChatGPT were deemed more appropriate
for PCP and received good scores for both the metrics.

Figure 6 shows the analysis for the scores received for the
LLM recommendations for the Analyze stage. The top row shows
the scores for the recommendations received from Bard. Q4.1
Identify the outliers in a set of data using a parallel coordinates
chart received a high score for being appropriate for PCP and
for the Analyze stage. The other two recommendations for Q4.2
Compare the medians of two different sets of data using a paral-
lel coordinates chart and Q4.3 Calculate the interquartile range
of a set of data using a parallel coordinates chart received lower
scores due to their low relevance to PCPs and not being appro-
priate for the stage in the taxonomy. Q4.3 is a particularly bad
recommendation since it asks learners to calculate the interquar-
tile range, a task that is not at all suitable for PCPs.

The bottom row shows the score for the recommendation re-
ceived from ChatGPT. The high median scores for the both the
bottom plots implies that the recommendations were applicable
to PCP literacy and appropriate for the Analyze module. Q10.1
Analyze a parallel coordinates chart and identify trends, patterns,
or relationships between variables scored a median of 7 in both
the charts as it was deemed highly appropriate for teaching PCP
and in the correct stage of the taxonomy.

The qualitative analysis provides more insight into the qual-
ity of the recommendations. Bard’s recommendation were found
to be particularly bad for PCP literacy and for this module. Q4.2
and 4.3 are not all relevant to PCP literacy and are an example of
hallucinations when using an LLM [20]. The recommendations of
ChatGPT for this module were relevant to PCP literacy and one
of the experts said that while these tasks may be “difficult/vague”
for an online, empirical study, “They might be appropriate for a
traditional classroom setting.”
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Figure 7. Evaluate analysis - There were no recommendations provided by
Bard for the Evaluate stage and so there is no analysis for Bard. The recom-
mendations provided by ChatGPT received high scores and were considered
appropriate for PCP literacy and appropriate for the Evaluate stage.

Evaluate

Figure 7 shows the results of the analysis of the scores for
the recommendations from ChatGPT. Bard did not provide any
recommendations for this stage. This is unexpected, as Bloom’s
taxonomy (see Figure 1) contains the Evaluate stage as an integral
step of the learning process.

ChatGPT generated three recommendations that scored high
in terms of whether they were appropriate to teach learners about
PCP and they were appropriate for the Evaluate stage as well.
They included questions that required learners to Assess the
strengths and limitations of PCPs, Critique a PCP and suggest
improvements, and Determine whether a PCP was the appropri-
ate chart for a specific data analysis scenario.

The recommendations of ChatGPT were found to be relevant
and appropriate for PCP literacy by all the experts. One expert
commented that “They require a learner to demonstrate that they
can evaluate the appropriateness of using a PCP and what one
gains from using that as compared to another visualization tech-
nique,” whereas another expert said “they might be appropriate
for a coursework/homework or an in-class exercise.”
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Figure 8. Create analysis - Two of the recommendations provided by Bard
received high scores for being appropriate for PCP literacy (top left). All the
recommendations from ChatGPT received high scores for PCP literacy (bot-
tom left). Other than Q12.1 (bottom right), all the other five recommendations
from Bard and ChatGPT received low scores for the Create stage of the tax-
onomy.

Figure 8 shows the analysis of the scores for the LLM recom-
mendations for the Create stage on Bloom’s taxonomy. The top
row shows the scores for the recommendations from Bard. While
Q5.1 and Q5.3 received high scores for being PCP appropriate
questions (as shown in the top left plot), they received low scores
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on being appropriate for the Create stage. Q5.2 Develop a new
method for interpreting PCPs gets a low score on both counts due
to the lack of relevance to PCPs and the stage in the taxonomy.

The bottom row shows the scores for ChatGPT’s recom-
mendations. All three recommendations received a high score
for being appropriate for PCPs. They included questions requir-
ing learners to Create a PCP, devise a strategy to handle missing
data, and designing a set of guidelines to create visually appealing
PCPs. The three recommendations from ChatGPT scored high on
the scale of whether the recommendations were appropriate for
the Create stage.

Most of the recommendations from Bard were found by all
the experts to be irrelevant and not as appropriate for PCP liter-
acy. One of the experts commented that the last recommenda-
tion, “QS5.3 - Write a report on the use of PCPs in data analy-
sis” was “ too open-ended and long. I don’t think writing reports
are appropriate in this case.” Another expert did not completely
agree and said, “the last question that asks the learner to write a
report is relevant to PCP literacy.” Examining the feedback for
ChatGPT’s recommendations, while the experts all agreed that
the questions were appropriate for PCP literacy and for the Create
learning module, 3/4 experts thought that the questions were “too
advanced and would be a good question for a very advanced user
or a researcher.”” The majority of the experts agreed that while
the questions are appropriate for PCP literacy, they may be too
difficult for a student learning about PCP for the first time.

Discussion

Based on our analysis of the scores provided by visualization
literacy experts, we observe that majority of the recommendations
from the LLMs are applicable to PCP literacy. While many of
them do not fall in the appropriate cognitive stage of Bloom’s
taxonomy, they could be used in conjunction with an expert in the
visualization literacy, as a starting point.

Overall, based on the expert reviewers, we can conclude that
the recommendations from OpenAl ChatGPT’s are contex-
tual and applicable for PCP literacy, whereas the recommenda-
tions from Google’s Bard were comparatively less relevant (hal-
lucinations [20]) to Parallel Coordinates Literacy. For example,
for the Apply recommendation, Bard recommended “Use a paral-
lel coordinates chart to compare the heights of boys and girls in
your school.” This recommendation is not appropriate and may be
a better recommendation for a box plot. Similarly, Bard recom-
mended, “Create a parallel coordinates chart to show the distribu-
tion of test scores in your class.” This recommendation is also not
appropriate for visualizing data using a parallel coordinates plot.

Conclusion and Future Work

Recommendations of two popular LLMs (ChatGPT and
Bard) to teach novices about PCPs using Bloom’s taxonomy were
evaluated by visualization literacy experts. The experts evaluated
every recommendation on two metrics related to their appropri-
ateness for PCP literacy and appropriateness for one of the six
stages in Bloom’s taxonomy.

Based on the analysis of the scores of the expert reviewers,
we found that while there were some useful recommendations for
teaching novices about parallel coordinates, there were some lim-
itations in terms of the appropriate cognitive process where that
recommendation belonged. In some cases, the recommendations
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provided were not at all appropriate for PCP literacy. We also
found that both the LLMs made recommendations at times that
were too difficult or advanced for a novice learning about PCPs
for the first time. We recommend that a human expert working
with a LLM may lead to a practicable set of recommendations for
visualization literacy.

In the future, we plan to perform some machine-based val-

idation, where we will test the ability of each LLM to validate
their own recommendations and the recommendations provided
by other LLMs.
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