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Although there is widespread agreement on the importance of communication in physics-intensive careers,
there is little prior research on how mathematics is integrated into communication. To examine how and what
math is communicated in the workplace, we interviewed managers and recently hired employees from optics
companies. Using a priori and emergent thematic coding, we found that symbolic math was purposefully hidden
in many communication situations to avoid confusion. Alternatively, visual communication through blueprints,
diagrams, and visuals of data was widely used across the optics workplace. Spreadsheets were a universal tool
for exchanging mathematics through data, formulas, graphs, and calculations; however, different people relied
on the spreadsheets for different purposes (e.g., executing calculations or programming formulas). Our data
illuminates the value of specific strategies for communicating math and how math is communicated between
employees, managers, and clients. These findings suggest the importance of teaching physics majors how to
explain mathematical ideas for a variety of audiences and purposes.

I. INTRODUCTION

The ability to communicate effectively is highly valued in
all physics-intensive careers [1]. Redish and Kuo argue that
physicists communicate properties of the physical world us-
ing mathematics as a language as opposed to pure mathemat-
ics dealing only in abstract concepts [2]. Because mathemat-
ics and communication intersect in physics-intensive careers,
physics majors must be able to communicate mathematical
concepts and ideas as effectively as they communicate any-
thing else. When planning opportunities to teach physics ma-
jors mathematical communication, it is important to under-
stand how mathematics is communicated in authentic work-
place contexts [3].

Communication, just like scientific understanding, can
vary widely between disciplines, research labs, and compa-
nies both in terms of how information is communicated (oral,
written, etc.) and what tools are used to communicate [3]. In
most physics coursework, and even in PER, communication
is commonly thought of as an end result for sharing findings
[4]. However in interviews with managers in industry, im-
proved communication abilities in both speaking and writing
were emphasized as skills that would make physics graduates
more appealing during the hiring process [5]. In their study
on students use of lab notebooks, Stanley and Lewandowski
found that physics graduate students began to use lab note-
books as an essential mode of communication through hands-
on practice. Their study also suggests that graduate students
rarely learned how to use lab notebooks for communication
in their undergraduate physics courses [4]. Research on how
mathematics, in the form of data, schematics, diagrams, and
others, is communicated in authentic physics-intensive work-
place contexts is needed for preparing physics majors for fu-
ture careers where they will need to work effectively with oth-
ers.

Even though communicating with math may be introduced
to students in math classes, research shows that these skills

may not translate well to physics contexts [6]. In their study
on math representations and transfer, Ivanjek and colleagues
found that using math, especially visual understandings of
math, is largely context dependent. Therefore, even though
students may learn different ways to communicate math, it is
essential to understand how math is communicated in physics
and in physics-intensive careers.

This paper investigates how mathematics is embedded in
various forms of workplace communication. We ask 1) How
is math used and communicated in the optics workplace?
and 2) What do intersections of math and communication in
authentic physics-intensive contexts suggest about preparing
physics students to use and communicate math effectively?

II. METHODS

To examine how math is communicated in physics-
intensive careers, we conducted 23 interviews with man-
agers and recently hired (within two years) employees from
optics companies in Western New York. Interviews were
semi-structured, conducted on-site at each company, typically
lasted for one-hour, and were conducted by two or more of
the authors. Participants were asked to discuss their back-
ground (education, job title, time spent at current company,
etc.), what skills were valuable in their company, and spe-
cific skills relating to communication, math, physics, and op-
tics. For example, one question asks employees, "What com-
munication situations do you experience in your job?" Prob-
ing questions asked participants to describe situations, tools
used, skills needed, challenges faced, and to provide exam-
ples across communication, math, physics, and optics. Addi-
tionally, participants were asked how they felt they fit in the
company and their future plans with the company, and any
perceived skill gaps between themselves and what was ex-
pected of them. Managers or supervisors were asked back-
ground questions about themselves, though they addressed
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similar skill questions about their employees and expectations
they have of their employees.

Interviews were transcribed and then analyzed qualita-
tively using a combination of a priori and emergent thematic
coding methods. First, interviews were divided into subject
area with two or more researchers identifying each instance
of communication, math, physics, and optics to insure reli-
ability across multiple coders. In the second round of cod-
ing, researchers then analyzed instances for recurring emer-
gent themes and revised coding definitions until inter-rater
reliability for coded instances was at least 90% for each.
Communication codes included oral communication, visual
communication, written communication, and communication
training. Math codes included math tools (calculators, Ex-
cel, MATLAB, pencil/paper, Powerpoint/Word, simulations,
etc.), math training (in school and on the job), math type (al-
gebra, arithmetic, calculus, Fourier, geometry/trigonometry,
linear algebra, statistics, and unit conversion), and math con-
text. These math and communication codes were then cross-
referenced using NVIVO matrix queries to analyze how math
was communicated in the optics workplace. Emergent themes
were then identified, using the cross-reference instances, to
describe the intersection of math and communication and
their implications to the physics curriculum.

III. RESULTS

After analyzing 23 participant interviews, we found three
overarching themes: 1) symbolic math use was rarely pub-
licly visible and it was intentionally hidden from customers
and coworkers, 2) visual communication of math through di-
agrams, schematics, graphs, and other visuals of data was es-
sential for product development, and 3) spreadsheets were a
universal communication tool for every employee role.

A. Communicating symbolic math

Symbolic math plays an essential role in the optics work-
force while designing and creating products. However, this
math is often hidden in workplaces and during interactions
with clients purchasing products. One manager discussed the
importance of symbolic math and its application to real world
constraints with the example of communicating what logical
filters will need to be implemented in their software. When
asked about how much of this math is visible to the clients,
participants said the majority was internal because they be-
lieved clients would become confused if shown the math.
This idea of hiding symbolic math was a common theme
expressed by several participants. One employee discussed
sending spreadsheets to a coworker saying,

I will just send another internal person a
spreadsheet and just be like, ‘Just focus on this
part’...and then they’ll ask me about something

on another sheet, and I’ll be like, ‘That’s not rel-
evant! That’s for me; don’t look at that.’

Symbolic math was not only hidden from clients but also
from coworkers when deemed appropriate. Whether or not
symbolic math was hidden was largely dependent on the pur-
pose for the communication.

Professionals in the optic workforce appeared to rely on
experience and knowing who they are communicating with
to decide when to include and exclude math. One employee
argued that it takes time to learn how to present,

...in a way that somebody straight out of high
school can understand what they’re looking at.
So identifying what the people’s needs are; how
to communicate with them effectively.

Knowing when to show and hide math appears to be a valued
communication skill in the optics workforce that is largely
determined by who is communicating the math and how they
perceive those they are communicating with. If the one com-
municating the symbolic math felt the person they were com-
municating with would not understand aspects of this math,
they were more likely to hide it.

B. Visual math communication

Visual communication of math through various diagrams,
schematics, and different visuals of data is vital to the design
and development of products. These visual math communica-
tion skills are important in a variety of positions across each
company, yet are not always reflected by credentials, so man-
agers often screen for them in interviews. For instance, a
hiring manager discussed the importance of blueprints while
describing their interview process,

I’ll usually go to an interview with optical
blueprints and ask them to look at the blueprints
and interpret them a little bit for me, so I can un-
derstand their threshold of understanding when
[a job candidate] walks in the door. When you
look at a blueprint, if you have good communi-
cation skills and you can read and you have math,
you’ll be able to recognize all the things on the
blueprint. Can you interpret this? Irregardless of
educational level, work experience or anything
else, can you grasp this concept to what you’re
reading on that piece of paper?

The explicit focus on how every hire must be able to both
understand math communicated to them through blueprints
and discuss information with others highlights the importance
of visual communication of mathematics in the optics work-
places. Another manager also highlighted the importance of
employees having this ability and explained the need to eval-
uate dimensions in blueprints based on a starting point. This
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highlights the need for specific strategies to read and interpret
math visually through diagrams.

Data visualization was one specific visual math communi-
cation form that was important in the optics workplace. All
employees needed to understand visualizations of data in var-
ious formats and how to communicate those visualizations
effectively. One manager explained that data needs to be con-
cise, accurate, and in a format that people could quickly read
and understand. However, these visualizations are more com-
plex than simply putting numbers on a graph as one employee
explained,

When you throw up some graphs on an Ex-
cel spreadsheet or on a PowerPoint presentation,
they might make sense to you because you’ve
stared at them for a couple hours, but trying to
get the idea of how people seeing for the first
time are going to take them really matters.‘Okay,
well [the customer] thought that this color be-
ing red meant it was bad, so maybe I should try
to make it green’ Or something like that - little
things like that.

In this example, the employee describes how something as
simple as the color of a graph might change the message an
audience receives even if the data is the same. While sym-
bolic math is frequently hidden in cross-context communica-
tion situations, visual representations of mathematical ideas
are essential in a variety of contexts.

C. Spreadsheets as a universal math communication tool

Spreadsheets, and Excel in particular, are a universal tool
to communicate math in the optics workplace. One employee
described how they preferred Excel over other tools for its
ease of use and the ability to save and send it to others. How-
ever, while the use of Excel was explicitly mentioned by in-
terviewees in over 80% of the interviews, different patterns of
use emerged depending on the roles of the interviewees. For
instance, some employees used Excel to create mathematical
models while others used it for inputting data.

Recent hires, who had been working in their positions for
two years or less, seemed to fall into one of two roles in the
company: technicians and engineers. We based this distinc-
tion on the job titles and roles of the interviewees at their
respective companies. Technicians were the employees fabri-
cating and testing products while engineers were the employ-
ees designing the products. Managers might oversee groups
of varying sizes consisting of technicians, engineers, or both.
These distinctions are valuable for understanding the differ-
ent purposes for using Excel. Engineers typically used Excel
for designing products and creating workbooks with formulas
that technicians would use. One engineer explained how they
learned to use Excel during their first project,

There was an optical designer who really
liked incorporating Excel into a workflow, so I

kind of ran with that and started exploring more
programming in Excel. MATLAB can do ev-
erything that you ask of it, but it’s not as user
friendly. You can’t have a nice workbook that
has pictures in it, and then nicely colored cells
that say like, ‘Oh, type in data here’ or ‘Do these
steps, and then do this.’

Another engineer described designing in Excel during their
interview saying they can set dimensions in the workbook
and have it solve their equations. Technicians would then
take these workbooks and input data while making products.
This allowed them to both input calculations in the machines
they were using to create the product and to create graphs and
other visualizations of the data to send back to the engineers
and managers.

Overall, technicians found that Excel was useful for
recording and monitoring their data. One technician ex-
plained that they simply add their measurements and the
notebook tells them the correct adjustments to make. Some
technicians, however, discussed problems when using spread-
sheets created by coworkers. One technician described such
an instance in their recent work,

Yes and then when you go through software
someone else gives you then when you click the
button it’s like, ‘Oh, it doesn’t give you the met-
ric’...Like the parts we ran last week. Those parts
have that issue.

In this case, the math embedded in the spreadsheet was
not helpful for the employee who needed a different output.
Rather that taking ownership of the math, they explained that
the spreadsheet, made by someone else, failed to give them
the information they needed.

Managers used Excel in similar ways to technicians and
engineers but also for additional purposes when handling or-
ders for customers. One manager explained how they popu-
late all Excel spreadsheets and then their employees use the
spreadsheets, while another manager said they only use Excel
as a number cruncher. Managers also use Excel to keep track
of part numbers, vendors, and vendor pricing. Ultimately,
while Excel use was required for the vast majority of employ-
ees, the particular use varied significantly depending on the
employee’s position. Excel’s ability to represent mathemati-
cal ideas as tables (data), formulas and macros, calculations,
graphs, and charts and to store that information so it can be
shared and used across an organization likely contributes to
the frequent use of Excel in the optics workplace.

IV. CONCLUSIONS

After interviewing employees and managers from several
optics companies, we found that symbolic math use was
rarely publicly visible and intentionally hidden, and visual
communication of math through diagrams, graphs and other
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visuals of data were essential for product development. Ad-
ditionally, Excel was used as a universal communication tool
for most of our participants.

Though they used math in the workplace, our participants
often needed to hide it when communicating across different
occupations within the company (e.g., software developers
hiding math so that design engineers do not see it below the
surface when using a program). They also found it neces-
sary to hide math when communicating with clients. Physics
majors rarely have the opportunity to communicate math to
people other than professors or peers. This means that they
have little need for hiding their math or changing the way they
communicate it to be more understandable to diverse audi-
ences. Providing physics majors with interdisciplinary work
or client-driven assignments may help prepare them for future
careers. Further PER could also help identify new strategies
for learning to hide math as part of communicating physics.

Math in the workplace was visual in nature and our findings
show that all levels of employees needed to be able to under-
stand, interpret, and use math in this way. Students may not
always perceive the relevance of drawings, figures, and dia-
grams, to their other analytic and computational mathematics;
however, our findings show that these are likely to be essential
for their future success. Additional PER could explore how
physics undergraduates use and value visual communication
of mathematics. The emphasis on alternate forms for com-
municating mathematical ideas (graphics, schematics, etc,)
are opportunities for displaying and interpreting mathemat-
ical understanding that should be investigated further.

Our findings support previous studies emphasizing that
math is often hidden between coworkers and that workplace
tools are used to hide math [7]. Our study specifically iden-
tified some of these tools. While MATLAB and other tools
were frequently used to carry out sophisticated calculations,
Excel was valued for the combination of calculations, ease
of use, and ability to communicate mathematical understand-
ing. Because tools like Excel integrate so many mathemati-
cal functions, such as logarithms and trigonometry functions,
it would be useful to more thoroughly investigate how the
spreadsheet tool impacts and augments problem solving, and
the challenges it may present by hiding many details from the
user. There are many unanswered education research ques-

tions surrounding this tool-mediated mathematical thinking
that goes beyond symbolic math. This research also has im-
plications for physics curricula at the university level. Similar
to the AAPT Recommendations for Computational Physics
in the Undergraduate Physics Curriculum, our findings sug-
gest that spreadsheets are an important tool in addition to
MATLAB or Mathematica and general purpose programming
(e.g., Python) [8]. Instructors could use spreadsheets to teach
concepts and algorithms for least squares fitting and other nu-
merical techniques. Our data also suggests the importance of
teaching students how to explain mathematical ideas to a va-
riety of audiences.

With a limited focus on optics, some of our findings may
not translate to other physics-intensive workplaces. As the
domain and context change, the key mathematical tools may
also change; meaning symbolic math may be more or less rel-
evant for other workplaces. Future research should focus on
other physics-intensive workplaces (e.g., nuclear medicine)
to see if similar patterns appear. The depth and context
of our data does expand on the general surveys common
to discussion of workplace readiness; however, future work
should consider additional research methods such as col-
lecting workplace artifacts and conducting field work to ob-
serve math communication practices in action [1]. Overall,
communicating mathematical ideas to diverse audiences (e.g.
interdisciplinary STEM teams, management, non-scientists,
general public, part of team based projects) is a skill many
physics bachelor’s recipients will need as they enter the work-
force. Our research highlights specific ways that spread-
sheets, visual communication, and selective sharing of sym-
bolic math can be woven into communication as part of the
physics curriculum.
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