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Abstract 

 As evidence of meeting program criteria required by the Accreditation Board for Engineering and 
Technology (ABET), engineering technology (ET) students are expected to both read and create graphical 
communications. Academic librarians’ visual literacy (VL) instruction can support ET students’ ability to 
communicate through graphics. Under comprehensive VL instruction, teaching visual design principles is 
an area of VL that supports graphical communication. An adaptive comparative judgment (ACJ) 
assessment was given to 115 ET students to inform visual design instruction and future research. A visual 
design framework supplemented the assessment to familiarize students with visual design principles. ACJ 
offers an alternative assessment model because instead of grading against a rubric of learning outcomes, 
it uses context to judge the quality of a work. The assessment results outline specific areas to focus visual 
design instruction for students to effectively navigate and create graphical communications. 
 
Keywords: Visual literacy, assessment, visual design, adaptive comparative judgment, visual literacy 
instruction 

 
Introduction 

As evidence of meeting program criteria required by the Accreditation Board for Engineering and 
Technology (ABET), engineering technology (ET) students are expected to both read and create graphical 
communications. Graphical communication courses are not required by ABET, though, so instruction often 
falls on ET faculty even if they do not have the expertise or time to include it in their coursework (Keller et 
al., 2018). Academic librarians’ visual literacy (VL) instruction can support students’ ability to communicate 
through graphics. While graphical communication is a competency under VL according to library literature, 
practices under visual communication can support the reading and writing of graphics. Under a 
comprehensive VL teaching plan, visual design principles are one of several approaches to teaching 
effective visual communication (Brown et al., 2016).  
 
VL has different meanings and expectations depending on the context from which it is taught. Based on 
Kędra’s review of VL definitions across different contexts (2018), Kędra and Žakevičiūtė offer three 
categories of VL skills: visual reading, visual writing, and other visual literacy skills.  

 
Visual reading covers skills of image interpretation/analysis, evaluation, visual  
perception, knowledge of visual grammar and syntax and learned ability in visual- 
verbal translation. Visual writing covers skills in visual creation, image production and 
use, and in effective visual communication. Other visual literacy skills include visual thinking and 
learning skills and applied use (such as using images ethically) (Kędra & Žakevičiūtė, p. 2, 2019). 
 

When teaching students skills for “effective and meaningful” visual communication, Brown et al. propose 
leading students through a process of inquiry. One question for students to ask themselves is, “What design 
strategies will I use?” (2016, pp. 65-66).  As Malamed states, “Visual design affects the quality of learning, 
the value of the communication, and the motivation of the audience members. It leverages the brain’s innate 
capabilities, improves engagement, and satisfies the audience’s aesthetic sensibilities.” 
 
To inform visual design instruction, it is necessary to measure students’ level of visual design competency 
within VL via assessment. As Kędra states, research on VL assessments is necessary to investigate 
questions in the field and demonstrate VL’s value and importance in higher education curriculum (2018). 
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This paper offers a VL assessment and framework to gauge prior knowledge in visual design to support 
visual communication instruction. The exploratory research presented is visual design as it applies to the 
reading and writing of data visualizations, but it can potentially apply across VL competencies.  
 
At a university in the Midwest, 115 ET students were presented with a visual design framework to orient 
them to how effective visual design helps viewers easily navigate graphical communications, specifically 
data visualizations. They were then asked to participate in a voluntary comparative judgment (CJ) 
assessment to gauge their visual design prior knowledge. The assessment offered pairings of data 
visualizations to compare and choose which they thought was the “best” and prompt students to explain 
their choice. The instruction team asked themselves, Do ET students choose data visualizations that reflect 
best practices in visual design? Based on observations from senior capstone projects and poster 
presentations, the team believed the students would choose visualizations not necessarily grounded in 
visual design but focused on the underlying data. In regards to the written portion, the team only wanted to 
see if any patterns emerged. The results showed a need to develop visual design instruction so students 
could make informed decisions when reading and creating graphical communications and to articulate 
meaningful feedback for their peers. 

  
Literature Review 

Studies show a divide between the demand students experience in higher education to navigate and create 
visual materials and the instructional support they receive to meet that demand (Hattwig et al., 2013). 
Faculty convey frustration with students’ lack of skills to communicate effectively and persuasively with 
visual materials; they also express frustration with the support to offer that instruction (Green, 2006). When 
students self-report high levels of visual literacy skills and investigation into the topic shows otherwise 
(Brumberger, 2011), there is an increase in the divide between the demand to create visual communication 
and instructional support.  
 
In response to the idea that millennials naturally possessed a high degree of VL because of repeated 
exposure to technology, Brumberger administered a survey to help prove or disprove that belief. At the 
time, the term “digital native” was used to describe millennials, further enforcing the misconception. Four 
hundred eighty-five undergraduate students across a range of majors and program years at Virginia Tech 
University took the survey. The survey was designed to answer a number of questions about technology 
and proficiency, including how students rated their level of proficiency with presentation software such as 
Microsoft PowerPoint presentations. 75% of respondents reported being “somewhat or very skilled” in 
presentation software. The majority of students reported using templates that come with presentation 
software, and only 13% reported designing their own templates. Surprisingly, in an increasingly visual 
culture, only 49% incorporated images regularly, 40% said they sometimes did, and the remainder said 
they never incorporated images. While results showed the presence and use of visual information, including 
graphics, in students’ lives, Brumberger concluded that “the data indicate clearly that the survey participants 
are far from adept at producing and interpreting visual communication” (Brumberger, 2011, p. 44).  
 
ABET is the accrediting body for engineering and ET programs. ABET’s 2020-2021 criteria for engineering 
students include “an ability to acquire and apply new knowledge as needed,” “to communicate effectively,” 
and “an ability to…analyze and interpret data” (ABET, 2020-2021). Whereas the criteria for ET includes “an 
ability to apply written, oral, and graphical communication in well-defined technical and non-technical 
environments; and an ability to identify and use appropriate technical literature” (ABET, 2020-2021). In 
2000, ABET responded to engineering employers’ request that graduates enter the workforce with 21st-
century skills. Students had sufficient engineering skills, but lacked the ability to communicate. Like many 
educational organizations at the time, ABET thought student learning could be better assessed through 
curriculum outcomes. This led to the revamping of ABET’s criteria for engineering programs. Criteria 3, “an 
ability to communicate effectively,” is assessed through portfolio writing and competency tests. ABET did 
not require courses to meet this outcome but instead looked for evidence that this outcome was exercised 
across curriculum requirements. The argument is that if students experienced various environments in 
which communication takes place, they would be better prepared for how communication takes place in the 
workplace. Engineering faculty found it hard to integrate writing into their coursework, though. They argued 
it took time away from the core engineering curriculum, and they did not have the support needed, such as 
consultation time with experts, to effectively integrate writing communication into their classes (Williams, 
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2001).  
 
Graphical communication understanding and application are learning outcomes for ET students (ABET, 
2020-2021). If engineering faculty find it hard to adequately integrate written communication into their 
curriculum , graphic communication beyond 3D modeling may be challenging. The curriculum for 
engineering and ET students typically emphasizes science, math, and engineering, but students take 
technology courses that implement applied practices. While engineering students study to develop new 
design solutions for complex problems, ET students study how to put those design solutions into practice 
within construction and manufacturing organizations (Michigan Technological Institute, n.d.). Graphic 
communication, as a subset of communication, is an essential skill in engineering because of the 
importance of conveying design ideas. Although not explicitly stated in the 2000 ABET criteria, it was 
implied that programs would include it under the ability to communicate effectively. In response to this 
outcome, a survey was conducted at the annual American Society of Engineering Educators (ASEE) in 
2003 to rank the value of fourteen proposed graphic communication outcomes under the mandated 3(g) 
criteria for effective communication. In engineering, graphic communications have included everything from 
manual drafting and pencil drawings to 3D computer drawing and simulation. In this survey, of the fourteen 
outcomes, “ability to create presentation graphics” is included. It states, “This outcome includes creating 
data graphs and charts, generating color raster images, and creating animations and slide show 
presentations.” The results of the survey rank this outcome relatively low, third up from the bottom. 
Descriptive geometry and manual geometric construction techniques were the two lower, and the “ability to 
create 3D solid computer models was listed as the most important” (Barr, 2004, p. 5). The ABET criteria for 
engineering continue not explicitly to state graphic communication. As of 2016-2017, the ABET criteria for 
ET does under 3(f) “an ability to apply written, oral, and graphical communication in both technical and non-
technical environments; and an ability to identify and use appropriate technical literature” (ABET, 2016-
2017)  
 
A survey was administered to mechanical engineering (ME) faculty. When asked what visual materials 
faculty encourage students to use, 3D CAD solid models, graphs, charts and tables, diagrams and 
schematics, and sketches were the most popular. When asked how important visual literacy instruction was 
in the context of ME design, out of twenty-one faculty responses, fourteen considered it extremely 
important, six considered it somewhat important, and one considered it slightly important (Keller et al., 
2018). While there is a lack of VL instruction to meet academic demands (Hattwig et al., 2013), there is also 
a lack of research on evaluating VL skills (Bowen, 2017; Kędra, 2018; Keller et al., 2018). Further, as Keller 
et al. (2018) argue, while literature is available on VL assessment, VL assessment within STEM is 
underrepresented. In response, at the ASEE 2018 conference, they proposed five benchmark standards a 
person in engineering design must meet to be considered visually literate. The standards include “Use 
design strategies and creativity to modify existing visual media and create original visual media” (p.7, 2018). 
Images located, adapted, and created in team-based senior capstone projects were assessed against the 
five standards. Students’ capstone projects included documenting their design process and presenting their 
resulting design products.  
 
To develop the five standards, the authors identified competency-based tools to assess VL skills in higher 
education, including Bowen’s (2017) Visual Literacy Competency (VLC) rubric. The VLC rubric, intended to 
be both flexible and reliable, assesses competency levels specific to the identified important learning 
outcomes. The rubric includes the VL competencies analysis and evaluation, as well as the design and 
creation of visual text. The VLC rubric is built on the SOLO taxonomy, the Structured Object Learning 
Outcome Taxonomy, as it applies to VL skill competency (Bowen, 2017). Biggs and Collis’ SOLO taxonomy 
identifies levels of learning by complexity. It begins with not knowing anything about a topic to being able 
to apply knowledge to unknown, future learning applications. It can be used to evaluate a learner’s 
competency level (Biggs & Collis, 1982). Lastly, the authors identified Arsland and Nalinci’s (2014) use of 
a Likert scale to evaluate VL competencies. Applied in an interdisciplinary higher education context, the 
authors identified seven dimensions that a visually literate student should be able to practice. Students are 
assessed to see where on the scale their level of VL lies within the dimensions. Included is the dimension 
“Designing and creating visuals” (64). The Association of College and Research Libraries (ACRL) 
Competency Standards for Higher Education, American Association of School Librarians (AASL) Standards 
for the 21st Century Learner, the enGauge 21st Century Skills, among other standards, were used with the 
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competency assessment tools to develop the five standards (Keller et al., 2018).    
 
Huber et al. (2020) illustrates a collaboration between an ET librarian and ET faculty to support the VL 
demands for visual communications within ET. The partnership included VL instruction sessions and the 
adaptive comparative judgment (ACJ) software by RM Compare to assess student work. Students were 
required to make a visual map of their program work and a visual resume. For the assignments, there was 
instruction on visual resources to create visual material, ethical use of visual materials, and visual design 
principles to support their visual material creation. Huber’s (2020) visual design framework, SHARC (Space, 
Hierarchy, Alignment, Repetition, Color), was included in the visual design instruction. After each submitted 
assignment, every student individually took the ACJ assessment. The assessment visually presented their 
peers’ work side by side, two at a time. The student chose which she thought was “best” between the two 
and then, explain why. Each student received anonymous feedback from peers through this assessment 
process, and then turned in revisions of their work. The feedback that they received from their peers served 
as another opportunity for the students to learn, and the instructors were able to read and assess the 
students’ feedback for evidence of VL skills. They also assessed the students’ VL skills through the revised 
assignments. The researchers found that because ACJ is visual in nature, it served as a good tool to teach 
and assess visual material. Students made marked improvements on their revisions of the visual material, 
but their articulation of VL skills in the form of feedback was low, leaving an opportunity to further develop 
their instruction.  
 
ACJ differs from traditional assessment tools where instructors use a rubric of learning outcomes to score 
against evidence of student work. ACJ comparatively presents two artifacts of work, and the judge chooses 
which is the better (Bartholomew, Zhang, Garcia Bravo, & Strimel, 2019). ACJ is based on Thurstone’s law 
of comparative judgment (CJ) principle introduced through a paper in 1927. Thurstone argued that humans 
work best with comparison when judging an object, whether it be an example of handwriting, values of a 
color, or ethical opinions. He proposed that it is difficult to judge something as a standalone piece, but given 
two objects side by side (A & B), with a set of attributes to look for, we can judge whether A or B is the best 
example of those attributes. Once the judge decides which object is the better in comparison, she will be 
given a new set of comparisons (A & C) depending on whether A or B was chosen. Comparison offers 
context. He showed that when you provide a group for comparisons, with each object being compared to 
another in the grouping (ranking order), a pattern emerges that is a mathematically reliable form of 
assessment while showing the relative quality of the individual works (Thurstone, 1927).  
 
Pollitt and Murray brought CJ into current assessment practice through their use of CJ with foreign language 
skills (1993). Pollitt then applied CJ in a design & technology portfolio class. The portfolios consisted of 
diverse deliverables, including design details of prototypes created. CJ was the holistic approach needed 
to assess a product with different components. With a team of judges (instructors) having varied expertise, 
they took the CJ assessment. They chose between pairs of students’ work and then gave feedback on their 
choices. Input from a range of expertise gave students valuable information that marking alone could not 
provide. Pollitt shared the material with a large group of judges at different locations, making CJ adaptable 
through scanning capabilities and information technology, hence ACJ (2004). Pollitt and his research team 
then created a web-based version through which people could take the ACJ assessment, as described in 
a later paper of their work (Kimbell et al., 2007). Any number of instructors can be invited to an ACJ 
assessment session. A single guiding statement helps instructors stay focused on what makes one example 
of a student’s work a “better” choice over the other. ACJ “is a method for scoring students’ work in which 
judges are asked only to consider validity while making their decisions; nevertheless, the result is extremely 
high reliability” (Pollitt, 2012, p. 27). Research has shown that the rate of reliability is higher when decisions 
are made comparing pairs of works, rather than subjective decisions based upon specific traits (Pollitt, 
2004, 2012). 
 
ACJ was originally intended for summative assessment and as a tool for teachers and professionals to use. 
In a university graphic design course, ACJ was used throughout the semester as a formative assessment 
tool, and students were engaged as judges (assessors). Limitations to formative group critique sessions 
led the research team to ask if students participating in ACJ sessions for assignments throughout the 
semester could lead to better designs and a greater understanding of visual design principles. The class 
was divided into two groups. One group took part in traditional group critique sessions. Designs were printed 
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off from fellow groups (within the larger group) and given a conventional scoring rubric and a place for 
comments. Individualsreceived the rubric with feedback on their work. The other group participated in RM 
Compare’s ACJ assessment sessions. The students in the ACJ sessions stated that they enjoyed the ACJ 
assessment more than traditional critique sessions, found it easier, and the feedback had more impact on 
their learning. Students tended to provide feedback with personal preferencesinstead of specific, desired 
traits. This tendency made it hard to identify what students learned. Additionally, students reported concern 
that peer feedback was not as good as instructor feedback. There was also frustration with how the RM 
Compare ranked work, which could lead to repeated comparisons. The study showed that students who 
participated in the ACJ feedback ranked lower in the quality of their work than their peers in the traditional 
critique groups at the beginning of the semester, but by the end of the semester, their rankings improved. 
This improvement, and the positive response from students participating, was evidence that ACJ positively 
impacted learning (Bartholomew et al., 2019). 
 
This literature review conveys a need to support the graphical communication evidence ET students are 
expected to meet. There is a lack of research on VL assessments to inform visual communication 
instruction. Specifically, there is an even greater lack of VL assessments within STEM. While there are 
assessment tools, such as the VLC rubric and standards and the ACRL Visual Literacy Competency 
Standards for Higher Education, to score evidence of students’ VL work, ACJ offers an alternative 
assessment model. ACJ engages instructors and students in the process of judgment and explanation 
through context. Additionally, ACJ allows a group of instructors and students to participate in the 
assessment so that students can benefit from a range of expertise in their feedback and gain exposure to 
peers’ work. 
 

Methods 
The instruction team met in spring 2020 to plan a master’s in engineering technology (MSET) research 
methods class. The instructors were an ET librarian and ET faculty member. The team agreed to emphasize 
the importance of visual materials in coursework by integrating VL instruction throughout the semester. 
Students would be required to communicate with visual materials in presentations and deliver a data 
visualization in their final project. 
 
There was little evidence that students had received formal VL instruction in their program. The MSET 
faculty member asked that students receive substantial visual design instruction because data 
visualizations had been an area he perceived as needing improvement. Anecdotally, both instructors 
agreed that, through their observations of senior capstone projects and poster presentations, the main point 
of students’ data visualizations was not always clear. It was common for students to spend more time 
explaining a visualization than an effective visualization should require. Additionally, students often used 
competing bright colors, limited their data graphs to bar and pie charts, and  lacked clear visual paths for 
effective reading. This discussion led to the data visualization section topics: 

1. identify the purpose of the visualization 
2. identify the visualization message/story 
3. choose the right graph for your data 
4. apply visual design principles to create a visualization 

 
The visual design section was broken down into three sections: 
1. understand how visual design affects the navigation of data visualizations 
2. apply visual design principles to navigate data visualizations 
3. apply visual design principles to create navigable data visualizations 

 
Because little evidence was available on how much, if any, VL instruction students had received in their 
master’s program or undergraduate work, the team decided a prior knowledge assessment was necessary 
to inform instruction. As the university strongly emphasizes data literacy across programs, the instructors 
chose to assess students’ visual design skills as it impacts the effectiveness of graphical communication 
(Brown et al., 2016; Malamed, 2015). The study builds on the Huber et al. (2020) VL instruction and 
assessment project described in the literature review. Specifically, the comparative assessment software, 
RM Compare from RM Results, was used in combination with Huber’s (2020) visual design framework, 
SHARC (Space, Hierarchy, Alignment, Repetition, Color).  
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RM Compare’s assessment was a good fit because it visually compares two pieces of work, and 
comparative judgment software is used for students to assess each other and/or for instructors and 
professionals to evaluate student work. The model needed to be catered to the project because there was 
no student work to use with the software. The instructors met with RM Compare to see if they could 
experiment with the application. As noted in the literature review, one function of RM Compare’s software 
is that, when students and/or instructors choose which comparison they think is “best,” students’ work is 
rated on a scale of lowest to highest. The team agreed they could provide 30 data visualizations for up to 
200 students to compare two at a time. RM Compare was able to create an algorithm to make this work. 
As students took the assessment, the visualizations would be ranked “best” to “worst” based on which 
graphs students thought were the “best” examples of visual design. 
  
The SHARC framework document by Huber (2020) was chosen as supplemental material to introduce 
students to visual design because it presents visual design principles and how they support the navigation 
of data visualizations, and includes examples of SHARC applied to data visualizations. Thirty visualizations 
were chosen by the instructors that were believed to be “good” and “bad” examples representing each 
component in SHARC. The data visualizations were found online from various resources. Visualizations 
included as “good” examples were chosen from people or organizations known for their work in visual 
design, such as Stephanie Evergreen’s Evergreen Data blog. Images included as “bad” examples were 
found from Google searches using the keywords “bad” and “data visualizations” and “examples” or 
variations on those keywords. A few visualizations from Dear Data were included to represent hand-drawn 
examples. A rubric was created for the team to rate each visualization based on SHARC. See Appendix 
“Visual Design Rubric for Practice.”  
 
The instructors wanted to answer the research question, Do ET students choose data visualizations that 
reflect best practices in visual design? By allowing students to choose between visualizations, the 
instructors could gauge what ET students found to be good visual design examples in data visualizations. 
Once students chose the “best” work of two, , they were prompted to explain their choice. The students’ 
choices in visualizations and the explanations given for their choices would inform the course VL instruction. 
  
Close to 200 students from undergraduate and graduate ET programs were sent an email asking for their 
voluntary and anonymous participation in the assessment. They were informed that participation did not 
affect their grade in any way and that the assessment results would be used to develop future visual literacy 
instruction, specifically visual design instruction. The SHARC framework was sent as an attachment. The 
email also emphasized that students were only to compare the visual designs of the two visualizations and 
choose which they thought was “best.” The comparisons were not the same data with different 
visualizations. The data was always different in each graph. Directions for signing into the assessment were 
given and they had a week to take the assessment at their convenience. 
  
Once in the software, students saw the below directions at the top of the page (with a link to the SHARC 
framework was included in the directions). Figure 1 illustrates the comparison and page layout. 
  
Directions: Click on ‘A’ or ‘B’ to choose which data visualization you think “best” represents effective visual 
design. You will then be prompted to explain your choice. *Note: Each data visualization uses a different 
dataset. Don't compare data; simply choose which design you think is better and explain why. Keep in mind 
the SHARC (space, hierarchy, repetition, color) framework to explain your choice. There are no wrong 
answers. 
 
A hundred and fifteen students participated, sixteen of which were graduate students, and ninety-nine of 
which were undergraduates. The research team gathered valuable information from the choices students 
made and the language they used to articulate their choices in visualizations. A graduate statistical 
consultant provided statistical analysis of the data.  
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Figure 1 
RM Compare screen of two data visualizations 
 

 
 
 

Results and Analysis 
Figure 2 shows how the 30 images in the visual assessment ranked based on the students’ choices. The 
graph on the far left, “Gender Pay Gap,” was the highest-ranked choice, i.e., students chose this data 
visualization more often than any other data visualization as an example of the “best” visual design. The 
graph on the far right, “MLS Salaries per 8/1/2013,” ranked it as the lowest, or “worst” example of visual 
design. The underlying statistical model used is the Bradley-Terry Model. This probability model assigns a 
positive real-valued score to a particular image ‘i’ compared to another image ‘j.’ P(i>j) = P(i) / ( P(i) + P(j) 
). This algorithm iterates overall possible comparisons, maximizes the likelihood of the observed data, and 
finally converges to a unique solution (Agresti, 2013; “Bradley–Terry model,” n.d.).  

 
Figure 2 
Relative rankings of the 30 data visualizations 
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Figure 3 depicts the scores of each image by category in relation to students’ ranking of images. Each data 
visualization was given a score, 1-4, using the Appendix, “Visual Design Rubric for Practice,” created by 
the instructors. The rubric was based on the SHARC framework. The scores are on the Y-axis. The X-axis 
depicts the images lined up according to their final rank, based on students’ choices of the “best” examples 
of visual design (left to right, highest-ranked to lowest-ranked).  
 
Figure 3  
Data visualization scores 
 

 
 
 
Students ranked the “Gender Pay Gap” visualization the “best” of all the visualizations, but the instructors 
only gave it a visual design score of 14 out of 20. In terms of visual design, the space is cluttered with 
unnecessary competing elements. The viewer’s eye can easily be drawn to visual detours. All elements, 
particularly space, could have been better utilized for the viewer to navigate the graph easily. The instructors 
and students agreed that the “MLS Salaries Pay Per 8/1/2013” was the “worst,” with a score of 8 out of 20 
given by the instructors      and ranking last by the students. The only SHARC element that worked in the 
graph was Repetition, and one could say it was overused. Interestingly, The “Parliament Pie Chart” was 
given the second-lowest visual design score of 9 out of 20 by the instructors, particularly in regards to the 
lack of hierarchy and alignment, and the competing use of color, but the students ranked it in the upper half 
of “best.”  Lastly, a number of graphs the instructors thought were excellent examples of visual design did 
not match the  students’ rankings, which were in the middle or low end of the scale. For example, with 
“Iceland v.Smoking,” the use of SHARC elements creates a clear navigational path for viewers to read and 
comprehend the graphical communication.  
 
Although there are graphs the students and instructors agreed on, these findings may indicate students 
focused more on the underlying data than the visual design. If the comparisons had been based on the 
same data, maybe students would have made different decisions, but the software was not set up to work 
that way. The advantage to comparing graphs representing different data may be that it forces the assessor 
to focus only on the design. The results of the assessment indicate a need for two-part instruction: 1) a 
session that focuses on identifying the right graph for the data; and 2) a session on visual design principles 
to create easy-to-navigate graphical communications.  
 
The instructor’s scores are not set in stone and there is room to debate the effectiveness of different design 
elements. Instruction and time for classroom discussion would encourage debate, which might make 
students more informed andpurposeful in their, visual design decisions, even if others would make different 
decisions. 
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Table 1 reveals a significant difference in ratings for the categories of hierarchy and alignment from the top 
five “best” and the bottom five “worst” visualizations the students chose. This difference indicates that these 
factors played a greater role in students’ choices over the other SHARC elements. As stated above, the 
“Parliament Pie Chart” was given one of the lowest visual design scores by the instructors, particularly in 
regards to hierarchy and alignment, but the students ranked it in the upper half “best.” Further investigation, 
through instruction time, could help inform the influence these elements had on students’ choices. 
 
Table 1 
Comparison of “Best” and “Worst” ranked data visualizations. 
 
Data Visualization Ranking Avg. Rating 
 Ranks Space Hierarchy Alignment Repetition Color 
Top 5 1 5 3.6 3.6 3.8 3.8 3.2 
Bottom 5 26 30 3.4 2.6 3.2 3.8 3.4 
Difference 0.2 1 0.6 0 -0.2 
Correlation between rank and scores -0.03 -0.20 -0.04 -0.11 0.11 

 
Figure 4 illustrates the variability in choices among students. Students above the red line indicate those 
whose choices deviate from the rest. It could be interpreted that students were inconsistent in their choices. 
However, most students are below the red line. This variability is expected and can be treated as noise. 
Overall, there are a few outliers, which can be read as the students having similar prior knowledge of visual 
design. 
 
Figure 4 
Judge Misfits 
 

 
Note. The mean square can only be positive; that is why we do not see any values below zero. 
 
The Figure 5 word cloud shows the words students used in their explanations for the choices they made. 
“Data,” “color,” and “colors” were used the most. Words such as “easy,” “understand,” “hard,” “read,” 
“information” also rank high in usage. Randomly sampled examples of students’ explanations include: 
 

1. “The color block is more attractive. Space and the hierarchy are better incorporated in A.” 
2. “A is more concise yet informative.” 
3. “B is easier to understand the data trend.” 
4. “I cannot focus on the data in A because of the background.” 
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5. “Too much going on in ‘B’” 
6. “The spacing fits the data, and the color pallet also makes sense for the data.” 
7. “The data is described in a reasonable fashion. The colors and spacing make sense for the 

described data, and the labeling makes it clear to the observer what they are looking at.” 
8. “This one has better hierarchy and alignment design. It repeats its data in columns, and as the 

columns rise in size, they move to the right. The other design has its data point chaotically 
organized to fit in a square, which leads to confusion.” 

9. “A uses too many colors to overcomplicate while B only uses four distinct colors as well as has it 
simplified with few words and symbols.” 

10. “A has more color and hierarchy, but B has more space and repetition. B is more simplified and, 
therefore, easier to read and understand. However, A is not overly complicated as well and also 
has a flower image that can be left as an imprint in people's mind when they see it.” 

11. “I like chart graphs more than drawings.” 
 
 
Figure 5  
Word Cloud 
 

 
 
  
In addition, Table 1 indicates that hierarchy and alignment informed students’ decisions. Their word choices 
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show they used those words in their explanations, but they are not the top words. Since “data” and “color” 
are the most used words, there may be a disconnect between what they chose and their ability to articulate 
their choices. Additionally, although the examples are a small percentage of the explanations captured and 
randomly chosen, they represent a lack of detail and understanding of specific words, such as hierarchy 
and space. There may also be an inability ,to articulate how the different visual design elements work 
together to support visual communication. The last two comments, 10 and 11, refer to hand drawings of 
graphs the instructors included. The graphs could be considered more artistic than scientific, but the 
instructors believed they employed effective visual design principles. The hand-drawn graphs ranked low 
on the scale of student choices. Again, this may indicate a focus on data over design. 
 

Discussion 
This paper offers an ACJ assessment tool combined with a visual design framework to assess ET students’ 
visual design prior knowledge. An exploratory study, the results give valuable information for future teaching 
and research. The instructors believe students were reading and creating graphical communication with 
limited knowledge of visual design based on observations of student capstone projects and poster 
presentations. Between the choices made and the explanations given, the instructors believe students were 
more focused on the data and could benefit from visual design instruction as part of a larger VL instruction 
series. Specifically, students were drawn to bar and pie charts and primary color use in the visualizations. 
The study demonstrated a divide between what the instructors found to be good examples of visual design 
and what the students thought were good design examples. Lastly, while students appeared to rely on 
hierarchy and alignment in their decision-making, they were not words ranked the highest in the 
explanations. Overall, the explanations given lacked the details to suggest an understanding of the effect 
visual design principles have on the navigation of data visualizations. Further, as a group, students made 
similar choices, suggesting they share similar visual design beliefs.   
 
There were limitations in that it is possible students would have chosen differently if they were given 
comparisons of the same data. It is also possible that the way the assessment was designed more 
accurately revealed students’ prior knowledge of visual design. Additionally, just as the assessment was 
about to be given to students, the Covid-19 pandemic happened. The ET librarian was going to visit 
theclasses that were taking the assessment to explain the SHARC framework, how the assessment worked, 
and its purpose. Instead, an email included as much detail as possible without overwhelming students. 
Additionally, more students may have taken the assessment without the pressures that immediately hit 
campus because of the pandemic. Lastly, the instructors would have preferred a follow-up conversation 
with students about the survey, but the circumstances made it too difficult. Future work will include further 
developing the SHARC framework, using ACJ for prior knowledge, formative and summative assessments, 
and hosting focus groups to learn about students’ experience using these two tools. 
 
This assessment and framework combination is significant because it responds to Kędra’s call for more 
research on VL assessments to answer questions in the field and to support the value of VL instruction in 
higher education. Although exploratory, it offers an alternative assessment model that uses context to judge 
quality over scoring against a rubric or set of standards or competencies. This study used SHARC, but 
standards or competencies could be integrated instead. 
 
RM Compare’s software is ideal, but not all libraries have the funding to purchase it. The strength of an 
ACJ assessment is to use it for both formative and summative assessments, and as this study showed, 
prior knowledge assessments. Some practical, low-cost options to integrate the idea of comparative 
judgment is to create a Google slide deck or something similar, where pieces of work are placed side by 
side. Within the comments section, each assessor can say which they think is “best” and explain why. This 
option does not rank the choices and change the comparisons based on ranking, but it is a start to judging 
in context. Another idea is to photocopy student work and make zines or booklets. Each page opening is a 
comparison and fun way to present student work. Letters can be at the top of each page (A & B). Students 
can have a form where they list which examples they think are “best” in the comparisons and explain why. 
Ideally, in both examples, students submit electronic documents for their explanations so that text analysis 
can be done through a simple word cloud or through more detailed analysis options, such as Voyant or 
RapidMiner.  
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Conclusion 
ET students need VL support to make informed decisions about reading and creating graphical 
communications, as well as giving feedback to their peers. Although graphical communication may be seen 
as the domain of graphic designers, there is no evidence in the literature that engineering and ET students 
receive instruction from them. VL instruction from academic librarians that includes visual communication 
instruction can help ET students successfully navigate graphical communication. Specifically, visual design 
instructionis a way to engage students with what makes graphical communication effective and  ineffective. 
The work presented is intended to foster discussion and future work. As stated previously, it is ideal that 
visual design instruction includes conversations and debates about visual design principles. It is not the 
intention of this paper to present prescriptive material but rather materials to work with and explore dynamic 
instruction in the classroom and future research. From past instruction with students, they enjoy this topic. 
They experience the pressure to communicate through visuals, but a one-stop-shop to help them create 
effective and meaningful visual communication is not available. When asked where they learn how to create 
visuals, piecemeal stories emerge with gaping holes. Standing in front of the classroom with a list of 
standards or competencies out of context can be hard to deliver with lasting impact. ACJ with SHARC can 
be a start to more actively engage students with the assessment process to better support VL and 
demonstrate its value in higher education. 
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Appendix 
Visual Design Rubric for Practice of Skills 
 
Category Advanced (4) Proficient (3) Developing (2) Beginning (1) 
Space Practices 

intentional use of 
and 
arrangement 
of elements to 
create visual 
harmony 

Demonstrates 
limited skills for 
the intentional 
use of and 
arrangement of 
elements to 
create visual 
harmony 

Includes 
elements to 
create visual 
balance 

Displays limited 
to no skills on 
the use of 
space 

Hierarchy Practices hierarchy 
prioritizes 
elements from the 
most important 
and supporting 
details 

Demonstrates 
limited skills on the 
hierarchy to 
prioritize elements 
from most important 
to supporting details 

Demonstrates 
hierarchy to 
prioritize 
elements 

Displays limited to 
no skills on the 
use of hierarchy 

Alignment Practices grouping 
elements with 
seen or unseen 
lines to keep 
information 
organized  

Demonstrates 
limited skills on how 
to group elements 
with seen or unseen 
lines to keep 
information 
organized  
 

Demonstrates 
skills on how to 
use alignment to 
organize 
information  
 

Displays limited to 
no skills on the 
use of alignment  
 

Repetition Practices unifying 
elements so 
important 
differences 
became a focus 
point  
 

Demonstrates 
limited skills on how 
to unify elements, 
so important 
differences became 
a focus point  
 

Demonstrates 
skills on how to 
use repetition to 
create focus 
points  
 

Displays limited to 
no skills on the 
use of repetition  
 

Color Practices the use 
of color to create 
mood and 
emphasis  
 

Demonstrates 
limited skills on how 
to use color for 
mood and emphasis  
 

Demonstrates 
skills on how to 
use color to 
create an effect  
 

Demonstrates 
little to no skills 
on how to use 
color to create an 
effect  
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