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ABSTRACT 
Computing devices commonly act as tools, extending our abilities 
and shaping how we interact with the world. We investigate one 
such tool, the calculator, which helps with arithmetic, but also com-
monly ofers specialized functions for conversions, formulas, or 
graphing. Through an analysis of calculator apps and use cases, we 
describe limitations of current calculators. Crucially, calculator apps 
remain detached from tasks, motivating us to explore how to more 
closely integrate calculation with the world through augmented 
reality (AR). AR calculators can directly use measurements and 
numbers from the world in calculations as well as display results 
of calculations in the world. We provide a conceptual account of 
calculation in AR, as well as video prototypes that concretize the 
concept across diferent scenarios. These examples demonstrate 
how moving tools like the calculator to AR ofers tighter task inte-
gration and reduces the work required in translating between the 
world and computational tools. 
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1 INTRODUCTION 
Tool use extends our abilities and empowers us to tackle otherwise 
impossible tasks. They can integrate into our body schemas and 
using a tool can be as natural as acting with only our hands. Yet, 
with computational tools this kind of integration is not en-par with 
their physical counterparts. Instead, computational tools generally 
exist separate from the physical space and it is the user’s job to 
translate to and from the tool. For example, while one can write a 
shopping list on ones phone, the actual products sit on shelves and 
users have to connect the two on their own. 
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Figure 1: Calculators help in everyday situations, such as 
with discounts. Yet the left user is struggling to compare 
prices as she has to copy all numbers to her calculator, fgure 
out how to apply the discounts, and then remember the fnal 
prices. The AR user on the right can instead use the numbers 
from the world directly in her calculation and see the results 
superimposed back in the world for easy comparison. 

We focus on the calculator, a fundamental computational tool, 
and how it could be adapted to increase integration with tasks. 
Calculators have been around for millennia (e.g., the abacus) to 
support us in hard tasks, such as multiplying large numbers. To-
day, calculators are fairly standardized with familiar interfaces in 
their physical and app forms. However, this state of the art has 
also been put into question, such as by Thimbleby, who argues that 
these calculators can be confusing and not well aligned with users’ 
conceptual models [52]. In this paper we explore the idea that calcu-
lators could alleviate some of this mismatch, by better integrating 
with the world they are applied in. We posit that augmented re-
ality (AR) could bring about this better integration through novel 
calculator designs that exist within the world, instead of separate 
from it. Previous work has already shown that AR visualizations aid 
learning of mathematics, such as Kang et al.’s ARMath project [23]. 
In their review of AR use in education, Bulut and Ferri [6] also 
point to visualization of mathematical concepts as a key beneft of 
such systems, in addition to them being engaging and motivating. 

Starting from an investigation of calculator use, we explore the 
concept of AR calculators by applying a video prototyping method-
ology. We explored multiple concrete scenarios and suitable inter-
actions for them and illustrate how tasks and calculations could be 
integrated more closely than with current calculator apps. Building 
on that, we then distill these into a general conceptual account of an 
AR calculator that: (1) acquires inputs directly from the world, (2) 
enables arithmetic expressions on these inputs, and (3) projects the 
results of calculation back into the world. Note that we use the term 
calculation for the core process of mathematical operations, but 
also the overall task, including input acquisition and interpretation 
of the results. 

https://orcid.org/0000-0002-1420-4309
https://orcid.org/0000-0001-8742-1198
https://doi.org/10.1145/3643834.3661523
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1145/3643834.3661523
mailto:kash@di.ku.dk
mailto:henning@cs.aau.dk


DIS ’24, July 01–05, 2024, IT University of Copenhagen, Denmark Henning Pohl and Kasper Hornbæk 

Through our video prototypes and concept we aim to outline the 
potential for AR to better integrate tools with tasks. Implementation 
of this envisioned integration is an open challenge and we hence 
also discuss this challenge as well as how our concepts fts in with 
other work in AR and HCI. In summary, we contribute: 

• a survey on the use of phones as calculators 
• an analysis of current calculator apps 
• several example designs of AR calculators 
• a concept for how AR can be used to support tasks that 
require calculation 

2 RELATED WORK 
We focus on the calculator as a tool in everyday life and hence also 
everyday tasks, which relates to the notion of “everyday mathe-
matics”. We also point to technical works on improving interaction 
with calculators as well as integration of calculation with the world. 
Finally, our exploration of an AR calculator concept connects to 
previous work on using AR for everyday tasks. 

2.1 Everyday Mathematics 
Use of mathematics in everyday life has commonly been described 
from an educational perspective and in opposition to “school mathe-
matics”. Saxe [48] as well as Nunes et al. [44], for example, described 
the practices of Brazilian child street vendors and how “street math-
ematics” methods difer substantially from school ones. Squaring 
these perspectives can be challenging [12]. Another example of 
everyday math practices are Masingila’s observations of workers in 
a carpet-laying business [33]. Their use of mathematical concepts 
included estimating how much material would be needed for a foor, 
fguring out how to cut material to ft around pipes, or translating 
between diferent scales. There are diverse uses of mathematics in 
everyday life [17], as also described in the ‘Adult Math Project” [27]. 
For example, in grocery shopping people simplify and transform 
package sizes and prices in order to compare products more eas-
ily. The literature suggests that mathematics in the wild is quite 
diferent from school mathematics and, importantly for this paper, 
diferent from what is presupposed in most calculator designs. 

2.2 Interaction Techniques for Calculators 
A few papers have explored alternative means for interaction with 
calculators. GestureCalc, for example, enables number entry via taps 
and swipes to enable eyes-free use [10]. A similar approach was 
also explored with DigiTaps [1]. Another option is to use voice for 
calculator input and speech for output [5]. These interaction tech-
niques ofer particular benefts to users with visual impairments. 
Another case is Cairns et al.’s declarative calculator [9] which was 
an attempt to, by changing how commands are entered, make cal-
culation easier. Overall, there has been a focus on input but little 
support for fguring out what to input; none of the papers are about 
projecting results of calculations back into the world. 

2.3 Calculation in the World 
Wellner’s DigitalDesk showed how a virtual calculator can be over-
laid onto a physical desk [59]. Numbers can then be selected di-
rectly from documents instead of needing to be typed in. With 
AR DeepCalorieCam V2, the calories of food can be calculated [51]. 

Instead of manual entry of food type and amount, this system di-
rectly recognizes food and estimates its size. The physical SPATA 
tools relay measurements from the real world to design applica-
tions [57]. User can then, for example, scale a virtual model to ft 
into a physical gap. These works enable partial forms of integrated 
calculation, primarily by allowing input from the world. Building on 
this work, we investigate how to integrate all stages of calculation 
in a general-purpose manner. 

2.4 AR for Everyday Tasks 
AR support for everyday tasks can come in the form of guidance, 
such as in assembly and fabrication tasks [3, 46, 50] or for moving 
instructional material into the world [37]. Another area is naviga-
tion where AR can help users moving through outdoor [21] and 
indoor [47] spaces. Bonanni et al. [4] as well as Chi et al. [11] looked 
at AR support in the kitchen with visual overlays for visualizing 
fridge contents, water temperature, and nutritional information 
during food preparation. Finally, Bhatia et al. [2] demonstrated that 
comic efects in AR can enhance everyday activities, such as by 
making users feel like they are running faster. These papers all 
demonstrate the potential benefts of integrating AR with everyday 
activities. We apply this to the area of calculation and also present 
a generalizable concept of how to translate between the world and 
application support. 

3 ON CALCULATORS 
With our goal of better integrated calculators in mind, we frst set 
out to understand the tasks they are used in. Previous work is scarce 
here and, while there is a large amount of research on the use of 
physical calculators in the classroom (e.g., [13, 36]), the same is 
not true for their use in everyday life. We therefore conducted two 
surveys to understand how calculator apps are used: (1) an online 
survey on users’ experiences with calculator apps, and (2) a survey 
of the calculator apps available on Google Play. We specifcally 
focused on calculator apps as these are the most common form of 
calculator in use today. 

3.1 Mobile Calculation Survey 
 We used Prolifc1 to gather data on situations and challenges around 

using their phone as a calculator (mean completion time of 4 min-
utes) from 100 participants (age 18–62, 64 male, 35 female, 1 undis-
closed, paid 0.40 GBP each). Calculator apps were used regularly2 

and in a wide range of tasks. Commonly reported use cases included 
bill splitting, shopping, homework, cooking, and work. Calculators 
here were used for conversion, comparison, to work with large or 
many numbers, and to calculate percentages. These answers also 
highlighted some of the limitations of mental calculation, which 
necessitate use of a calculator, and one participant explicitly men-
tioned to use a calculator app when “mental calculation was not 
accurate enough”. Overall, the survey showed that calculator apps 
are an important tool in daily life that flls a number of diferent 
roles and purposes. Subsequently, this points to potential benefts 
of further improving how calculators can support these activities. 

1https://www.prolifc.co 
2Reported as “a few times in a” day (12 times), week (46 times) or month (30 times). 

https://www.prolific.co
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Figure 2: Apps have improved upon classic calculators by 
adding specialized views that alleviate the need to turn a task 
into an equation. AR calculators can further increase task 
support by integrating calculation directly with the world. 

3.2 Calculator Apps Landscape 
To supplement the personal accounts of calculator use, we con-
ducted a broader investigation on what tasks current calculator 
apps support. We investigated apps found through (1) a 2016 dataset 
of all Android apps fltered to apps whose name contains the term 
‘calc’, and (2) a Google Play search for apps that match a ‘calculator’ 
query. We removed apps which were not available anymore, not 
calculators, or only provided the same basic functionality as the de-
fault one. This left us with 256 apps for analysis which we grouped 
into ten categories, such as conversion, fnance, shopping, tipping, 
and engineering. Several apps ofered dedicated modes for working 
with concepts like times (31), fractions (11), and percentages (6). 
For a full list of groups and more detailed descriptions, please see 
Section A in the appendix. 

We identifed four patterns across the calculator apps: (1) inte-
gration of other everyday tools with calculation, (2) tailoring to 
specialized use cases, (3) lowering mathematical barriers, and (4) 
striving to align the interface to the world and tasks. Please see Sec-
tion B in the appendix for more details. In the context of improving 
task integration, the last two patterns are of particular importance. 
Together, they make it easier to translate mathematical problems 
into actions. Instead of requiring users to provide all inputs in the 
right format and sequence, the calculator provides a view tailored to 
the problem where users only need to fll in the gaps. For example, 
they do not need to know how to calculate mortgage rates, but 
simply enter numbers into appropriately labelled forms. 

3.3 Summary 
For the tasks mentioned in our frst survey, the current support of 
providing abstractions and specialized views for input has clear lim-
itations. Price comparison, for example, is supported in calculator 
apps with unit conversion, discount calculation, and summation. 
Yet, even with such views, users still need to enter sizes, prices, 
and discounts into the respective felds. Furthermore, the objects 
of interest are products that exist in the real world, but the com-
parison occurs on a screen, not in the world. We believe there is 
another level of task support possible, which focuses on integration. 
Instead of translating from the world (e.g., products in a store) to 
the calculator, the calculator then integrates with the world directly. 

Figure 3: We created video prototypes of AR calculators for 
several situations. Clockwise from top left: (1) calculation 
with a date from a poster, (2) guiding cake cutting divider 
lines, (3) splitting a bill, (4) adjusting ingredient amounts in 
a recipe, (5) calculating the total cost of a purchase, and (6) 
converting prices to another currency. 

4 VIDEO PROTOTYPING AR CALCULATORS 
In order to develop the idea of integrated AR calculators, we ap-
plied a video prototyping method to explore potential approaches. 
Similar to “virtual video prototypes” [20], we combined real video 
footage with virtual content. We used the video prototypes for our 
process of experimentation and refection around integrated calcu-
lation, but also to communicate the envisioned use. As described 
by Kinsley [25], such vision videos can have a “performative capac-
ity” as well as “discursive traits”, and along those lines, Wong and 
Mulligan have analyzed AR concept videos in particular [61]. As 
Vertelney [55] pointed out, video prototypes are “especially useful 
when designing interfaces for technologies that do not yet exist”; 
this is particularly true for the AR calculator design space. Video 
prototypes are also a form of speculative design [60], that we use 
to probe the AR calculator space as well as a form of exploratory 
prototyping, as described by Zamfrescu-Pereira et al. [62]. Finally, 
as pointed out by Halskov and Lundqvist [19], such an approach is 
useful for “fltering the design space”. 

There has been a range of research that uses AR video prototypes 
or presents new tools to create them. An early example of the for-
mer is Mackay et al.’s work on AR air trafc control interfaces [32] 
and more recently Lu and Bowman [31] used video prototypes to 
explore the concept of glanceable AR interfaces. Pronto [30] and 
360proto [39] are examples of prototyping tools specifcally for AR 
interfaces, both enabling use of sketching for that purpose. The 
Montage video prototyping system also was shown to support devel-
opment of AR video prototypes [29]. Finally, Buruk and Hamari [7] 
have described how paper prototyping and video sketching can be 
used to create “immersive video prototypes”. 
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In our video prototyping process we investigated several con-
crete tasks where calculation could be used in everyday life. Our 
choice was informed by our initial survey and app analysis, but also 
by what kinds of tasks could beneft most from closer integration. 
The tasks we picked are: (1) converting prices, (2) calculating totals, 
(3) cutting cake, (4) calculation with dates, (5) splitting a bill, and 
(6) adjusting ingredient amounts. 

For each task, we recorded footage in the feld as we engaged 
in these everyday activities. We flmed in several rounds on the 
street, in supermarkets, kitchens, and living rooms. After a shot, 
we imported the footage into Adobe After Efects, applied video 
stabilization, and ran its 3D camera tracker, which then allowed 
us to add virtual elements to the videos. In the process, we tested 
diferent input gestures and AR visualizations, ultimately arriving 
at a set of interactions based on crossing and pinching. 

Figure 3 shows frames from each of the tasks in our fnal video 
prototype. The full video prototype can be found in the supplemen-
tal material. For each of the explored tasks, the design considera-
tions and fnal choices are described below. 

4.1 Converting Prices 
As calculation commonly concerns prices, we designed an example 
of how AR can support this. Prices already exist in the world as 
printed numbers, as do modifers for them, such as discount signs 
or sales banners. Calculation with prices can be direct, where users 
interact with the price tags, or indirect, where they interact with 
the products that are annotated by the price tags. Here, we illustrate 
an instance of the former approach. 

In our example, the AR calculator recognizes price tags in the 
world and enables interactivity of their elements. Users can then 
“pick up” the price with their fngers to activate a menu of potential 
operations. Here, a selection of other currencies is shown and cross-
ing through an item in that menu selects it for conversion. Upon 
releasing their pinch gesture, the converted price is calculated and 
the price tag is updated with an overlay to show it. 

4.2 Calculating Totals 
Another use of price tags is to determine the total cost of a pur-
chase, such as when buying several apples. In this case, the price 
information needs to be combined with information on how much 
of a product is being bought. With an AR calculator, the price can 
be directly used in a multiplication. However, this requires that the 
amount of products to buy is also available to the calculator. One 
way to do this is to count out the items to purchase. 

In our example, the user points at all the aubergines he wants 
to buy, in order to count them. This puts a mark on each as it is 
pointed to, but also creates an AR overlay with a running tally next 
to the aubergines. The selected aubergines can then become an 
input for calculation and the user again selects them by pinching 
on them. There then appears another variant of a crossing menu 
that ofers users the choice what arithmetic operation to perform 
on the selected number. Dragging from the count, through the 
multiplication sign, and on to the price tag results in calculation 
of the total price for the picked aubergines and an overlay that 
displays that total next to the tag. 

4.3 Dividing a Cake 
A recurring task is splitting up of one or a collection of objects. 
For example, dividing up the fruits from apple picking, splitting 
the money from a garage sale, or sharing a pizza. We picked cake 
cutting as the instance of this task to illustrate, where a whole cake 
is split up so everyone gets a piece of equal size. 

Support for cake splitting can be done in two ways: (1) dividing 
the cake into a desired number of pieces, or (2) interactive cutting 
support based on the knife positioning. In either case, the calculated 
number of pieces and cutting information is displayed on the cake 
itself. Here, we describe the latter approach, where the calculation 
is continuously updated based on the user’s actions. 

Bringing a knife close to the cake activates the AR calculator, 
resulting in an overlay that shows the bounds and size of the cake. 
By hovering the knife over the cake the user can then explore 
potential divisions of the cake. For example, cutting a small frst 
piece would give a larger number of fnal pieces than cutting a 
bigger frst piece. Once the user starts cutting, that “locks in” the 
given cake division. The segment marks then stay in place, guiding 
the user in where to cut to evenly split up the cake. 

4.4 Math with Dates 
Dates are another form of numbers commonly encountered in 
everyday life. For example, fyers or posters for events show the 
respective date, food items show expiration dates, and conference 
websites contain submission deadlines. Calculation for dates is often 
subtraction: how many days are there between a date and today? 
This can be hard for people (given that months difer in length) 
and hence calculator support for this task is worthwhile. Here, we 
illustrate how the frst use case, working with a date on a poster, 
can be supported by AR calculators. 

Users are able to “pick up” the date from a poster for an upcoming 
event. This brings up a menu of arithmetic operations to perform, 
where the user crosses through the subtraction symbol to select 
that operation. The user could now end the action on top of another 
date to calculate the diference between the two. However, in this 
case we want to calculate the diference to the current date. Because 
the initial number was a date, the AR calculator also provides an 
abstract item for “today” that can be used just like a number from 
the world. By dropping the selected date on that item, the diference 
is calculated and then shown on top of the date. 

4.5 Bill Splitting 
Splitting a bill can be complicated and hence there are many apps 
for this. Using an AR calculator alleviates the need for people to 
take out their phone after dinner and instead lets them do the bill 
splitting directly in the world. We explore a basic example: splitting 
a bill evenly between several people. 

Splitting a bill requires the bill amount as well as the number 
of people to split by. We use a counting action again, creating a 
tally of how many people are sitting in front of the user. The user 
can then pick up the total from the bill, select division from the 
menu, and end their action on the tally. This divides the price by 
the number of people and hence gives the individual contributions. 
In the case of a bill, the resulting amount is then displayed next to 
each of the people that made up the tally in the frst place. 
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4.6 Adjusting Recipe Ingredients 
Finally, we address cooking, specifcally adjusting a recipe to the 
amount of people that are coming for dinner. In this scenario, the 
user bought a magazine with a good recipe, but that recipe is only 
for two. As they expect nine people to come to their dinner party, 
they need to fgure out the adjustment factor and multiply each 
ingredient amount by that factor individually. 

Instead, the AR calculator recognized the recipe and its numeric 
elements (i.e., ingredient and portion data) become available for 
calculation. The user can then “pick up” the indicated amount of 
diners to manipulate it. Here, this action brings up a slider, en-
abling the user to select how many people they want to cook for. 
As they change that number, the needed amount of ingredients 
automatically updates and is shown next to the original ones. 

5 A CONCEPT FOR MOVING CALCULATION 
INTO THE WORLD 

Through our video prototypes we have developed an understanding 
of actions and efects we would expect to see in AR calculators. Here, 
we abstract from these concrete examples and outline a general 
concept for integrated calculators. This integration is achieved by 
removing the need to translate between the world and the calculator. 
Integration hence requires the ability to sense the world in front of 
the user as well as the ability to layer output on top of that world. 
Most commonly, this means visual perception as well as graphical 
output, but can also include other sensors and feedback modalities. 
While this is partly possible with phones, AR glasses ofer the ideal 
combination of capabilities for this kind of integration. Current AR 
glasses, such as Snapchat’s Spectacles or the Vuzix Blade3, already 
provide some of the world sensing and augmentation capabilities 
we assume here. We posit that, with growing maturity of AR glasses, 
they will be able to support the integrated calculation described in 
the following. 

As illustrated in Figure 4, integration of calculation into the 
world has three components: (1) acquisition, where parts of the 
world are converted into a numerical representation, (2) operation, 
where calculations are performed on one or combinations of these 
representations, and (3) projection, where the results of these 
operations are shown back in the world. Together, they enable 
all kinds of calculations, supporting the range of everyday tasks 
described earlier. These three components also defne a calculation 
fow, instead of a single calculation, as the world is not static and 
thus calculation should not be either. For example, as a balloon 
defates, a calculation of its volume should reevaluate and updated 
results projected onto the world. The three components also do not 
necessitate a sequential process and integrated calculation can be 
iterative. For example, users might want to modify the acquisition 
step in response to a shown result. 

As an example of this concept, consider the scenario in Figure 4: 
cutting a piece of wood into segments of equal length. Here, the 
user (1) selects the work piece and then (2) picks its length property 
to use in calculation. As the task is to cut that piece of wood into a 
number of segments, the user then (3) picks division as operation 
and (4) picks a divisor, which in this example is the number four. 

3spectacles.com and vuzix.com/Products/Blade-Smart-Glasses respectively. 

Aquisition
Measuring work piece

Operation
Divide by four

Projection
Show segments in world

Figure 4: AR calculators have three components: (1) they 
acquire numerical data from the world through text recog-
nition or measurement, (2) they perform operations on that 
data, and (3) they project the results back into the world. In 
the shown example, the target object for calculation is a piece 
of wood that is cut into segments. 

An AR calculator can then measure the piece of wood and divide 
the length by the desired number of splits to determine how long 
each segment needs to be. As calculation is integrated with the 
world, the calculator then (5) shows the resulting segments and 
where to cut directly on the piece of wood. Next, we discuss each 
of the components individually with respect to their requirements 
and design considerations. 

5.1 Acquisition 
In current calculators, acquisition is the sole responsibility of the 
user, yet AR calculators ofer extended support. We describe as 
acquisition any method that makes parts of the world available as 
input to calculation. We distinguish two kinds of acquisition: (1) 
text-based and (2) measurement-based. 

5.1.1 Text-Based Acquisition. Many things relevant to calculation 
come in the form of text, such as on price tags, receipts, furniture 
catalogs, and cookbooks. In addition to extracting numbers directly, 
they can also be inferred from context, such as when recognizing 
bank notes [56]. Numerical data in text format often comes with 
unit information, which can be explicit (e.g., units in a recipe), or 
implicit (e.g., currency information not printed on a price tag). 

Apps already exist to extract and process the contained data 
from some documents (e.g., for invoices and receipts). Similarly, 
AR devices could include OCR to detect numerical data and provide 
users a way to use it. Users might, for example, want to sum up 
calorie numbers from food packaging, calculate taxes from price 
tags, or calculate the number of days till a date shown on a fyer. 

5.1.2 Measurement-Based Acquisition. Measuring the world is an-
other way input for calculation can be acquired. A basic form of 
this is counting. For example, one could want to count the apples on 
a table, the coins in a wallet, or the number of cars passing through 
an intersection. Some counting, hence, is of things available con-
currently, other counting takes place over a period of time. 

https://spectacles.com/
https://vuzix.com/Products/Blade-Smart-Glasses
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There are a number of diferent counting techniques, such as 
verbal or fnger counting [15] and users keep track of the running 
tally in diferent ways (e.g., making a mark). Correspondingly, inte-
gration of counting can happen in several ways: (1) by taking over 
the tallying, (2) by visually “crossing out” what has been counted, 
and (3) by “autocompleting” users’ counting actions. In any case, 
counting results in acquiring the relevant number and representing 
it in the world, for instance next to the objects that were counted. 

Tallying support frees users from having to keep track of the 
tally themselves. Instead, users only need to tell a system when to 
increase the tally by, for example, pointing to an object or making 
an utterance. A “crossing out” of already counted objects can further 
support users by decreasing the risk of double counting. Finally, 
systems could detect what a user is counting and extrapolate their 
actions. For example, when counting items on a table by pointing 
at them, it would be sensible to assume a user will want to count 
all of them. Refnements of this are possible, such as recognizing 
target object classes or grouping counts by object characteristics. 

Not everything is countable and hence other forms of measure-
ment are needed. For example, four and water are uncountable 
objects, yet can still be measured in the form of weight or volume. 
Similarly, while one can count the number of couches, the size 
of an individual couch needs to be measured, not counted. Other 
measures are not based on individual objects, but rather on parts 
of the world, such as the size of a wall, or the brightness of a room. 
Furthermore, dynamic properties of objects can also be measured, 
such as the speed of a car or the loudness of a shout. Just as with 
text-based acquisition, measurements also carry unit information, 
depending on what property is measured. 

For measurement of the world there already is a rich set of 
existing apps, demonstrating feasibility. Especially measuring of 
spaces (e.g., to build foorplans) is something many apps address. 
But there also are a large number of generic “ruler” apps (e.g., 
Google’s Measure app) that use the AR capabilities of phones to 
replicate the functionality of physical rulers. In addition to lengths 
and areas devices could, dependent on the included sensors, also 
measure quantities such as speed, brightness, loudness, or tilt. 

Finally, some things cannot be accurately counted or measured, 
but might still be used for input through approximation. Estimation 
skills are an important part of mathematics and play a role in much 
of its everyday use [35]. Similar to how AR devices can measure 
things in the world, they can also be used to get approximations. An 
example of this is calorie estimation of food using deep learning [51]. 
Approaches leveraging machine learning have also been shown 
to help in estimating people’s age [40] and house prices [28]. This 
demonstrates the potential for training models that are able to 
make estimates based on patterns not necessarily obvious to people. 
Subsequently, such approximations can then be used in calculation 
to, for example, sum up the calories from the week, or include 
building valuations in a mortgage estimate. 

5.2 Operation 
After acquisition of data from the world, calculation proceeds 
through operations on this data. Which operations are possible 
and appropriate then depends on what kind of data was acquired in 
the frst place. For example, currency conversion is only a sensible 

operation on prices and similar pieces of data. Similarly, addition 
only makes sense where the things being added are compatible 
(e.g., the result of adding fve apples and three people is ill-defned). 

We can distinguish between diferent classes of operations. Some 
operate on singular inputs (e.g., converting a price), while others 
require multiple inputs (e.g., division). Operations can also sup-
plement input from the world with numbers entered directly (e.g., 
to multiply with a known factor). In general, operations are user-
controlled, but in some situations automatic operations are useful 
too (e.g., overlaying currency conversions during a trip). In either 
case, picking of operations can beneft from contextual information 
(e.g., limiting conversion to certain kinds of objects and units). 

5.2.1 Operations on Singular Inputs. Singular inputs are things like 
a scanned price tag, a stack of apples, or a measured piece of wood. 
Several operations are possible using just those inputs on their own. 
Most prominently, this is conversion where one might want the 
price in a diferent currency or a distance in a diferent unit. But 
conversion can also trigger another acquisition step, for example, 
when after selecting a few apples one gets their weight estimated 
for subsequent use. 

When operations are performed on numbers that exist in the 
world as text, such operations can use direct manipulation. For 
example, upon detection of a tag showing a price of “$3.99”, users 
could trigger a currency conversion by manipulating the “$” and 
changing it into a “€”. Similarly, numbers on an input could be 
manipulated to, for example, determine how many packages to 
buy for a desired number of servings, or how much of a paint can 
would cover a certain number of square meters. In general, direct 
manipulation is an option if a change in one number or unit has a 
meaningful efect on other parts of the world. Instead of entering a 
factor, divider, or picking a conversion, these operations are then 
implicit in the enacted change. 

Where no direct manipulation is possible, contextual information 
could be used to ofer sensible operations on a given input. For 
example, one commonly needs to half, double, or split in three 
and hence these options could be available directly. But operations 
on singular input may also be relative to a baseline or context-
dependent standard. For instance with dates we are often interested 
in their relation to the current day (e.g., in answering questions like 
“in how many days do we go on holiday”). Similarly, if we inspect a 
number that denotes the amount of paint left in a bucket, we could 
be interested in that amount relative to the original amount. 

Finally, users sometimes will want to store inputs away for later 
use. This could be necessary because the calculation they want 
to perform has inputs that are far away from each other, or exist 
at diferent points in time. A “storage” operation on an acquired 
input hence retains it in the calculator and makes it available for 
multi-input operations, as described below. 

5.2.2 Operations on Multiple Inputs. With multiple inputs, arith-
metic operations can be performed between them. However, not ev-
ery combination of measures is semantically or syntactically mean-
ingful. For example, it makes little sense to multiply the amount of 
four in a recipe by the surface area of a roof. Yet, multiplying the 
same by a number of people would be a reasonable combination. 
To constrain what can be operated on together, contextual as well 
as semantic information should hence be used. 

https://play.google.com/store/apps/details?id=com.google.tango.measure
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In any case, users will specify which parts of the world they 
would like to use in an operation. With direct manipulation, they 
might drag from one to the other to make this choice. They could 
also use inputs they have previously stored away (i.e., as symbols 
within the AR calculator). But inputs could also be added automati-
cally based on contextual information (e.g., in a restaurant it might 
be sensible to automatically make the number of people at the table 
available for calculation). 

Users could pick operations either before or after the inputs. 
Choosing the operation in-between the inputs is a good choice if 
there are few options. Alternatively, users frst select the operands 
of a multi-input operation and are then shown a list of possible 
operations. Where the space of potential operations is large, fltering 
it down to only those possible given a set of inputs is important to 
keep such a system usable. 

5.3 Projection 
For better integration of calculation, just as the inputs come from 
the world, the results should be shown in the world as well. In 
contrast to classic calculators, this allows for results to be shown 
in a format that aligns with the initially posed problem. Instead of 
unitless numbers on a screen, display then can be through a wider 
range of visualizations, depending on the given calculation. 

There are many diferent ways to visualize information in AR [63]. 
For the purposes of our concept, we primarily distinguish two kinds 
of visualization: (1) on-object, and (2) around-object. Furthermore, 
we note that there are diferences in the content that is shown in 
these ways. For many calculations a resulting amount, ratio, or 
transformation of the original input is shown, such as converted 
or summed up prices. However, in some scenarios the result of a 
calculation is to be immediately used for a closely aligned action 
in the world. For example, consider a carpenter calculating how to 
split a 2×4 or a painter mixing colors. We describe considerations 
for such action guidance separately. 

5.3.1 On-Object Augmentation. The result of some operations can 
be shown directly on the objects that were used as input. For exam-
ple, the result of a division can be how to split up an object, such 
as a piece of wood or cake. Similarly, subtracting a length from the 
same piece would also result in a line showing the resulting length. 
Results of subtraction or division with groups of objects can also 
be shown by highlighting the “remaining” ones. 

Depending on the objects and operations in question, diferent 
kinds of visualization are possible. Split lines or volumes are a 
suitable method when working on single pieces (e.g., the afore-
mentioned piece of wood). Coloring or other markings of resulting 
parts is more fexible and also works well with multiple inputs (e.g., 
highlighting the coins from a pile that are part of the result). 

When textual data from the world was used as input, the result 
of calculation can be shown on top of the original. For example, 
when converting a price, the new price and currency can be shown 
directly on the tag. Similarly, ingredient information in recipes, 
dates on fyers, or distances on a sign can be directly replaced. Such 
kind of replacement is currently already in use by translation apps 
that overlay the translated text on the world. 

5.3.2 Around-Object Augmentation. In some cases, the results of 
an operation cannot be shown directly on any of the inputs. For ex-
ample, this is the case where the result is larger than the used inputs 
(e.g., after addition or multiplication). One solution there is to show 
the required additional amount next to the inputs (e.g., displaying 
two more virtual paint cans next to the real one). Alternatively, this 
can be done more indirectly by showing numerical factors next to 
the inputs (i.e., rendering a “3×” in the above example). 

Marks and numbers next to the inputs are also a fexible alter-
native in other situations. For example, when counting objects the 
resulting number should be shown somewhere close to them. Di-
viding lines can be shown between individual objects to indicate 
how to split up a collection. Dashed lines could indicate by how 
much to extend a work piece to get to the desired length. 

5.3.3 Action Guidance. Where some calculation is done for plan-
ning or evaluation purposes, other calculations are more deeply 
embedded within users’ actions. Hence, the results of such calcula-
tions need to be directly actionable as well. For example, consider 
shortening a piece of wood or ftting trim around a corner. In both 
cases, measurement, calculation, as well as transfer of the result 
back to the workpiece are required before making the cut. AR calcu-
lators can help with each of these steps and ultimately provide direct 
guidance for the desired action. This guidance can be provided by, 
for example, marking where to cut or showing how to distribute. 
Fundamentally, if the result of a calculation is in reference to the 
world, that result should be shown in the world. 

Action guidance can also be interactive, where a calculation 
updates as users act on an object. For example, holding a saw to a 
plank, a scoop to a bucket of ice cream, or a paint brush to a wall 
all signal an immediate action. AR calculation could then trigger 
based on a tool’s presence or positioning to show results of the 
corresponding potential actions. If the volume of the mentioned ice 
cream bucket is known, for example, the number of scoops available 
could be displayed. 

6 DISCUSSION 
We have outlined a concept for moving calculation into the world 
using AR. This addresses the basic dilemma of calculators, be they 
physical or in applications: the disconnect between the world and 
the calculator. As a general purpose tool, calculators require trans-
lation of the activities and tasks of the real world into a format that 
can be entered into them. This can require users to count, measure, 
or know formulas. This is often difcult and hence this is why 
many apps are tailored to specifc tasks. A similar difculty exists 
in integrating the results of calculations back into the world. The 
calculator only shows a number, which has to be interpreted by 
the user back in the original context of the calculation. We have 
discussed how to use AR to (a) turn parts of the world into numbers, 
(b) operate on those numbers using direct manipulation and predic-
tions of the appropriate calculations, and (c) project results into the 
world to give numbers form, sense, and context. Next, we discuss 
how to realize this concept with AR, how to develop it further, and 
how it relates to other work on HCI and AR. 
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6.1 Realizing AR Calculators 
Physical calculators are general purpose; scientifc calculators con-
tain more specifc tools; and the apps we analyzed cover both 
general-purpose calculators as well as specialized ones. Our prefer-
ence for realizing the concept is as an application-agnostic service 
in AR devices (e.g., as an OS service). This preference is similar to 
Raskin’s vision of unifcation [45]. He argued that “by liberating 
commands from applications, we eliminate the inherent modality 
of applications”. Our intent is similar: liberate calculations from 
calculators and put them into the world. This requires some bal-
ance, though, because our surveys suggest that users want special-
ized apps. For those, we have presented context-aware rules and 
mechanisms for predicting specialized acquisition, operation, and 
projection that match tasks in the world. It is difcult to make that 
integration sufciently application-agnostic so that all calculation 
would be supported in similar ways. 

We have worked with AR-based calculation at the conceptual 
level. We have presented an overall model for thinking about the 
concept, identifed key steps in translation between the world and 
calculation, and illustrated a series of diferent application that re-
fect the concept. Yet, realizing this concept in actual AR systems 
raises a number of technical questions. First and foremost, a high 
level of scene understanding is necessary to make AR calculators 
work. For example, they need to be able to efciently and reliably 
detect and extract text and numbers. This requires sufciently sen-
sitive and high resolution cameras, but also substantial efort in 
software. The real world is messy and there is no unifed style or 
format for price tags, fyers, recipes, or receipts. 

Measuring the world and calculating with that data brings an-
other set of challenges. As a starting point, robust object detection 
is needed for counting of objects or deriving other properties from 
them. For example, measuring the length of a piece of wood re-
quires segmenting it frst. Explicit user action can lessen some 
of those constraints, but also decreases the amount of automatic 
support an AR calculator can provide. With respect to output, the 
challenges are less daunting. Rendering numbers and text around 
and above objects is already possible with current AR technology. 
More closely connected annotation of split lines and other forms 
of on-object results, however, require higher precision information 
on the objects’ geometry. 

A general purpose AR calculator still requires substantial im-
provements in the above aspects. However, currently apps tailored 
to more specialized scenarios already demonstrate a subset of the 
envisioned functionality. For example, there are mobile AR apps 
available for scanning equations, counting, and measuring4. Yet, 
phone apps also preclude full integration with tasks, as there is at 
least one hand holding the phone. 

Implementing calculators for AR headsets comes with further 
challenges. Compared to phones, current headsets are more limited 
in compute capabilities and ofer less mature development environ-
ments. Furthermore, headset AR requires new means of input (e.g., 
via hand tracking [38]) that is more complex and error-prone than 
touch. 

4Arcana Studio’s Augmented Reality Calculator, the CountThings app, and the Measure 
apps from Apple and Google respectively 

6.2 Bringing AR into the world 
Our concept is informed by earlier work on AR for everyday tasks 
[4, 11]. We add to this space, by imagining a way of embedding 
calculations in the world to help people accomplish real-world tasks. 
At a more general level, research on AR has explored generic and 
domain-specifc organization of information and interaction. For 
instance, Grasset et al. [18] described some of the considerations 
for redesigning a book in AR with respect to organization and 
interaction. The concept we propose adds to such lines of work 
by discussing general possibilities for integrating AR in the world. 
Kim et al. [24] noted that “a large number of papers was focused on 
novel perceptually-based user interfaces which were inspired by 
natural interaction but were not constrained by physical limitation”. 
Their point is that those interactions that merely mimic existing 
technology are inherently restrictive by focusing on the natural. In 
contrast, our work has tried to reimagine calculation in the world. 

6.3 Relation to Other Work 
The concept we have presented draws on much earlier work in HCI; 
next, we discuss the overlap and diferences. First, earlier work has 
focused on tangible user interfaces for augmented reality [18, 59]. 
Calculations in AR share with that work the ambition of using 
tangible objects for haptics and as anchors for interaction. Outside 
of AR, Wellner’s DigitalDesk [59] Calculator, has a similar loop 
between the physical and digital. As with that work, the division of 
work between AR and the real world is difcult to design. Our model 
of acquisition, operation, and projection gives one suggestion on 
how to organize and switch between physical objects, augmented 
numbers, and operators. 

Second, the driving motivation behind calculations in AR is 
to minimize the difculty users face in executing and evaluating 
their progress in doing real-world calculations. This is similar to 
Norman’s work on executing and evaluating interactions [41] and 
classic work on articulatory and semantic distance in direct manipu-
lation [22]. The key diference to our work is that in AR calculations, 
the whole task structure of calculation is changed—the challenge 
faced by designers is much more akin to concerns about functional 
allocation [8]. This is because the fundamental concern is task orga-
nization, rather than the directness or ease with which users carry 
out a command. 

Third, as mentioned our work is related to ambitions to the uni-
fcation of interaction [45]. At the same time, we are sensitive to 
the concerns of Norman [42] about applications that “have far too 
much power for the use I make of them, yet lack all the necessary 
components for any given task.” Similar concerns have been voiced 
in discussing the role of applications in computing [43]. Thus, the 
difculty here is balancing a standardized way of supporting cal-
culating that is sufciently integrated in the task to be useful and 
remove issues related to getting numbers in and out of calculators. 

Fourth, 25 years ago, Scaife and Rogers [49] argued that too 
little is known about how graphical representations work. They 
discussed distributed cognition and knowledge-in-the-world as 
concepts that help appreciate the work such representations do. 
Distributed cognition, however, is difcult to use directly for re-
designing calculation, because designs include not just representa-
tions, but also division of tasks and application of operators. 

https://apkcombo.com/augmented-reality-calculator/com.arcana.augmentedrealitycalculator/
https://countthings.com/
https://apps.apple.com/app/measure/id1383426740
https://play.google.com/store/apps/details?id=com.google.tango.measure
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Fifth and fnally, the ambition of integrating calculation in the 
world face similar challenges to those encountered in ubiquitous 
computing and embodied interaction. As pointed out by Dour-
ish [14], we are always acting in a material and social world. 

6.4 Limitations and Future Work 
The concept we have proposed needs to be validated empirically. 
On the one hand, that requires a technological instantiation. We 
outlined some of the steps to do so in an earlier section. On the 
other hand, the experience of calculation integrated in the world 
needs to be assessed. Earlier evidence suggests that engaging with 
physical objects improves problem-solving and thinking [26, 54], 
decreases workload, and reduces anxiety [53]. This literature could 
help inspire gestures and organization of the physical space for 
calculation. Future work should investigate if these expectations 
hold with mathematics integrated in the world using AR and has 
benefts for mathematical understanding. 

Integration with computational tools has been presented as an 
overall direction for the feld [16]. We similarly see integration into 
tasks as a way to increase the support these tools can provide to 
users. But it is also possible that such integration could have little or 
even detrimental efects on users. AR calculators applications will 
need to be more efcient and efective than existing apps as well as 
mental arithmetic or pen and paper. This will require user studies 
and direct comparison of diferent ways to perform calculation. 

In our concept we focus on visual integration of calculation 
with the world and hand-tracking for input, yet another possibility 
is to use audio and speech instead. Current voice assistants are 
able to answer mathematical questions (e.g., “what is three times 
twenty-one?” ) as well as conversions (e.g., “how many liters are in a 
gallon?” ). There is potential to pursue a closer integration within 
this modality as well, yet this will require similar advances in scene 
understanding (e.g., to be able to answer questions like “Which 
of those lawns is larger?” ). Furthermore, multi-modal calculators 
that integrate these two and possibly further approaches would be 
worthwhile to explore as well. 

7 CONCLUSION 
Calculators and calculation are ubiquitous and widely used in ev-
eryday life. Yet, the calculation tools used in such situations have 
received little attention. We have investigated calculator apps as 
well as surveyed how people use them. An important limitation of 
these existing calculators is how they are inherently dissociated 
from the problems that people are trying to solve in the world. 
Users have to translate the world into numerical information, fg-
ure out how to operate on it, and translate back from numerical 
results to an interpretation in the world. Based on this observation, 
we have proposed a concept for integrating calculation with the 
world using AR. This integration draws on the beneft people see in 
general calculators as well as specialized apps. We have shown, on 
a conceptual level, how acquiring numbers, operating on them, and 
projecting them back into the world can bridge the gap between the 
calculating tool and the world it is used in. We argue that this type 
of integrated calculation has the potential to lower syntactic and 
semantic errors in calculation, ease relating results to the world, 
and help users think. 

REFERENCES 
[1] Shiri Azenkot, Cynthia L. Bennett, and Richard E. Ladner. 2013. DigiTaps: Eyes-

Free Number Entry on Touchscreens with Minimal Audio Feedback. In Proceed-
ings of the 26th Annual ACM Symposium on User Interface Software and Technology
(St. Andrews, Scotland, United Kingdom) (UIST ’13). Association for Computing 
Machinery, New York, NY, USA, 85–90. https://doi.org/10.1145/2501988.2502056 

[2] Arpit Bhatia, Henning Pohl, Teresa Hirzle, Hasti Seif, and Kasper Hornbæk. 2024. 
Using the Visual Language of Comics to Alter Sensations in Augmented Reality. 
In Proceedings of the CHI Conference on Human Factors in Computing Systems 
(Honolulu, HI, USA) (CHI ’24). Association for Computing Machinery, New York, 
NY, USA. https://doi.org/10.1145/3613904.3642351 

[3] Jonas Blattgerste, Benjamin Strenge, Patrick Renner, Thies Pfeifer, and Kai Essig. 
2017. Comparing Conventional and Augmented Reality Instructions for Manual 
Assembly Tasks. In Proceedings of the 10th International Conference on PErvasive 
Technologies Related to Assistive Environments (Island of Rhodes, Greece) (PETRA 
’17). Association for Computing Machinery, New York, NY, USA, 75–82. https: 
//doi.org/10.1145/3056540.3056547 

[4] Leonardo Bonanni, Chia-Hsun Lee, and Ted Selker. 2005. Attention-Based De-
sign of Augmented Reality Interfaces. In CHI ’05 Extended Abstracts on Hu-
man Factors in Computing Systems (Portland, OR, USA) (CHI EA ’05). Asso-
ciation for Computing Machinery, New York, NY, USA, 1228–1231. https: 
//doi.org/10.1145/1056808.1056883 

[5] Emily C. Bouck, Sara Flanagan, Gauri S. Joshi, Waseem Sheikh, and Dave Schlep-
penbach. 2011. Speaking Math — A Voice Input, Speech Output Calculator for 
Students with Visual Impairments. Journal of Special Education Technology 26, 4 
(2011), 1–14. https://doi.org/10.1177/016264341102600401 

[6] Mehmet Bulut and Rita Borromeo Ferri. 2023. A systematic literature review 
on augmented reality in mathematics education. European Journal of Science 
and Mathematics Education 11 (2023), 556–572. Issue 3. https://doi.org/10.30935/ 
scimath/13124 

[7] Oğuz Turan Buruk and Juho Hamari. 2021. Immersive Video Sketching: Low-
Fidelity Extended Reality Prototyping for Everyone. In Proceedings of the 24th 
International Academic Mindtrek Conference (Tampere/Virtual, Finland) (Aca-
demic Mindtrek ’21). Association for Computing Machinery, New York, NY, USA, 
165–175. https://doi.org/10.1145/3464327.3464330 

[8] Andreas Bye, Erik Hollnagel, and Tor Steinar Brendeford. 1999. Human–machine 
function allocation: a functional modelling approach. Reliability Engineering & 
System Safety 64, 2 (1999), 291–300. 

[9] Paul Cairns, Sameera Wali, and Harold Thimbleby. 2004. Evaluating a Novel 
Calculator Interface. In Proceedings British Computer Society HCI Conference, 
Vol. 2. Research Press International, 9–12. 

[10] Bindita Chaudhuri, Leah Perlmutter, Justin Petelka, Philip Garrison, James Foga-
rty, Jacob O. Wobbrock, and Richard E. Ladner. 2019. GestureCalc: An Eyes-Free 
Calculator for Touch Screens. In The 21st International ACM SIGACCESS Confer-
ence on Computers and Accessibility (Pittsburgh, PA, USA) (ASSETS ’19). ACM, 
New York, NY, USA, 112–123. https://doi.org/10.1145/3308561.3353783 

[11] Pei-yu Chi, Jen-hao Chen, Hao-hua Chu, and Bing-Yu Chen. 2007. Enabling 
Nutrition-Aware Cooking in a Smart Kitchen. In CHI ’07 Extended Abstracts 
on Human Factors in Computing Systems (San Jose, CA, USA) (CHI EA ’07). As-
sociation for Computing Machinery, New York, NY, USA, 2333–2338. https: 
//doi.org/10.1145/1240866.1241003 

[12] Marta Civil. 2002. Everyday Mathematics, Mathematicians’ Mathematics, and 
School Mathematics: Can We Bring Them Together? Journal for Research in 
Mathematics Education. Monograph 11 (2002), 40–62. http://www.jstor.org/stable/ 
749964 

[13] Helen M. Doerr and Roxana Zangor. 2000. Creating Meaning for and with the 
Graphing Calculator. Educational Studies in Mathematics 41 (2000), 143–163. 
https://doi.org/10.1023/A:1003905929557 

[14] Paul Dourish. 2001. Seeking a Foundation for Context-Aware Computing. Hu-
man–Computer Interaction 16, 2-4 (2001), 229–241. https://doi.org/10.1207/ 
S15327051HCI16234_07 

[15] Caleb Everett. 2017. Numbers and the making of us: counting and the course of 
human cultures. Harvard University Press. 

[16] Umer Farooq and Jonathan Grudin. 2016. Human-Computer Integration. Interac-
tions 23, 6 (oct 2016), 26–32. https://doi.org/10.1145/3001896 

[17] Evan M. Glazer and John W. McConnell. 2002. Real-Life Math: Everyday Use of 
Mathematical Concepts. Greenwood Press, Westport, CT, USA. 

[18] Raphael Grasset, Andreas Dunser, and Mark Billinghurst. 2008. The design of a 
mixed-reality book: Is it still a real book?. In 2008 7th IEEE/ACM International 
Symposium on Mixed and Augmented Reality. IEEE, 99–102. https://doi.org/10. 
1109/ISMAR.2008.4637333 

[19] Kim Halskov and Caroline Lundqvist. 2021. Filtering and Informing the Design 
Space: Towards Design-Space Thinking. ACM Trans. Comput.-Hum. Interact. 28, 
1, Article 8 (jan 2021), 28 pages. https://doi.org/10.1145/3434462 

[20] Kim Halskov and Rune Nielsen. 2006. Virtual Video Prototyping. Hu-
man–Computer Interaction 21, 2 (2006), 199–233. https://doi.org/10.1207/ 
s15327051hci2102_2 

https://doi.org/10.1145/2501988.2502056
https://doi.org/10.1145/3613904.3642351
https://doi.org/10.1145/3056540.3056547
https://doi.org/10.1145/3056540.3056547
https://doi.org/10.1145/1056808.1056883
https://doi.org/10.1145/1056808.1056883
https://doi.org/10.1177/016264341102600401
https://doi.org/10.30935/scimath/13124
https://doi.org/10.30935/scimath/13124
https://doi.org/10.1145/3464327.3464330
https://doi.org/10.1145/3308561.3353783
https://doi.org/10.1145/1240866.1241003
https://doi.org/10.1145/1240866.1241003
http://www.jstor.org/stable/749964
http://www.jstor.org/stable/749964
https://doi.org/10.1023/A:1003905929557
https://doi.org/10.1207/S15327051HCI16234_07
https://doi.org/10.1207/S15327051HCI16234_07
https://doi.org/10.1145/3001896
https://doi.org/10.1109/ISMAR.2008.4637333
https://doi.org/10.1109/ISMAR.2008.4637333
https://doi.org/10.1145/3434462
https://doi.org/10.1207/s15327051hci2102_2
https://doi.org/10.1207/s15327051hci2102_2


DIS ’24, July 01–05, 2024, IT University of Copenhagen, Denmark Henning Pohl and Kasper Hornbæk 

[21] Haosheng Huang, Manuela Schmidt, and Georg Gartner. 2012. Spatial Knowledge 
Acquisition with Mobile Maps, Augmented Reality and Voice in the Context of 
GPS-based Pedestrian Navigation: Results from a Field Test. Cartography and 
Geographic Information Science 39, 2 (2012), 107–116. https://doi.org/10.1559/ 
15230406392107 

[22] Edwin L Hutchins, James D Hollan, and Donald A Norman. 1985. Direct manipu-
lation interfaces. Human–computer interaction 1, 4 (1985), 311–338. 

[23] Seokbin Kang, Ekta Shokeen, Virginia L. Byrne, Leyla Norooz, Elizabeth Bon-
signore, Caro Williams-Pierce, and Jon E. Froehlich. 2020. ARMath: Augmenting 
Everyday Life with Math Learning. In Proceedings of the 2020 CHI Conference 
on Human Factors in Computing Systems (<conf-loc>, <city>Honolulu</city>, 
<state>HI</state>, <country>USA</country>, </conf-loc>) (CHI ’20). Association 
for Computing Machinery, New York, NY, USA, 1–15. https://doi.org/10.1145/ 
3313831.3376252 

[24] K. Kim, M. Billinghurst, G. Bruder, H. B. Duh, and G. F. Welch. 2018. Revisiting 
Trends in Augmented Reality Research: A Review of the 2nd Decade of ISMAR 
(2008–2017). IEEE Transactions on Visualization and Computer Graphics 24, 11 
(2018), 2947–2962. 

[25] Samuel Kinsley. 2010. Representing ‘Things to Come’: Feeling the Visions of 
Future Technologies. Environment and Planning A: Economy and Space 42, 11 
(2010), 2771–2790. https://doi.org/10.1068/a42371 

[26] David Kirsh. 1995. Complementary Strategies: Why We Use Our Hands When 
We Think. In Proceedings of the 17th Annual Conference of the Cognitive Science 
Society. Lawrence Erlbaum Associates, Mahwah, New Jersey, USA, 212–217. 

[27] Jean Lave. 1988. Cognition in practice: Mind, mathematics and culture in everyday 
life. Cambridge University Press. 

[28] Stephen Law, Brooks Paige, and Chris Russell. 2019. Take a Look Around: Using 
Street View and Satellite Images to Estimate House Prices. ACM Trans. Intell. Syst. 
Technol. 10, 5, Article 54 (Sept. 2019), 19 pages. https://doi.org/10.1145/3342240 

[29] Germán Leiva and Michel Beaudouin-Lafon. 2018. Montage: A Video Prototyping 
System to Reduce Re-Shooting and Increase Re-Usability. In Proceedings of the 
31st Annual ACM Symposium on User Interface Software and Technology (Berlin, 
Germany) (UIST ’18). Association for Computing Machinery, New York, NY, USA, 
675–682. https://doi.org/10.1145/3242587.3242613 

[30] Germán Leiva, Cuong Nguyen, Rubaiat Habib Kazi, and Paul Asente. 2020. 
Pronto: Rapid Augmented Reality Video Prototyping Using Sketches and Enac-
tion. Association for Computing Machinery, New York, NY, USA, 1–13. https: 
//doi.org/10.1145/3313831.3376160 

[31] Feiyu Lu and Doug A. Bowman. 2021. Evaluating the Potential of Glanceable AR 
Interfaces for Authentic Everyday Uses. In 2021 IEEE Virtual Reality and 3D User 
Interfaces (VR). IEEE, 768–777. https://doi.org/10.1109/VR50410.2021.00104 

[32] Wendy E. Mackay, Anne-Laure Fayard, Laurent Frobert, and Lionel Médini. 1998. 
Reinventing the Familiar: Exploring an Augmented Reality Design Space for Air 
Trafc Control. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (Los Angeles, California, USA) (CHI ’98). ACM Press/Addison-
Wesley Publishing Co., USA, 558–565. https://doi.org/10.1145/274644.274719 

[33] Joanna O. Masingila. 1994. Mathematics Practice in Carpet Laying. Anthropology 
& Education Quarterly 25, 4 (1994), 430–462. https://doi.org/10.1525/aeq.1994.25. 
4.04x0531k 

[34] Joanna McGrenere, Ronald M. Baecker, and Kellogg S. Booth. 2002. An Evaluation 
of a Multiple Interface Design Solution for Bloated Software. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems (Minneapolis, 
Minnesota, USA) (CHI ’02). Association for Computing Machinery, New York, 
NY, USA, 164–170. https://doi.org/10.1145/503376.503406 

[35] Stephen J. Micklo. 1999. Estimation - It’s More than a Guess. Childhood Education 
75, 3 (1999), 142–145. https://doi.org/10.1080/00094056.1999.10522001 

[36] Eric Milou. 1999. The Graphing Calculator: A Survey of Classroom Usage. School 
Science and Mathematics 99, 3 (1999), 133–140. https://doi.org/10.1111/j.1949-
8594.1999.tb17461.x 

[37] Peter Mohr, Bernhard Kerbl, Michael Donoser, Dieter Schmalstieg, and De-
nis Kalkofen. 2015. Retargeting Technical Documentation to Augmented Real-
ity. Association for Computing Machinery, New York, NY, USA, 3337–3346. 
https://doi.org/10.1145/2702123.2702490 

[38] Franziska Mueller, Florian Bernard, Oleksandr Sotnychenko, Dushyant Mehta, 
Srinath Sridhar, Dan Casas, and Christian Theobalt. 2018. GANerated Hands 
for Real-Time 3D Hand Tracking From Monocular RGB. In Proceedings of the 
IEEE Conference on Computer Vision and Pattern Recognition (CVPR). IEEE, 49–59. 
https://doi.org/10.1109/CVPR.2018.00013 

[39] Michael Nebeling and Katy Madier. 2019. 360proto: Making Interactive Virtual 
Reality & Augmented Reality Prototypes from Paper. In Proceedings of the 2019 
CHI Conference on Human Factors in Computing Systems (Glasgow, Scotland 
Uk) (CHI ’19). Association for Computing Machinery, New York, NY, USA, 1–13. 
https://doi.org/10.1145/3290605.3300826 

[40] Zhenxing Niu, Mo Zhou, Le Wang, Xinbo Gao, and Gang Hua. 2016. Ordinal 
Regression With Multiple Output CNN for Age Estimation. In Proceedings of 
the IEEE Conference on Computer Vision and Pattern Recognition (CVPR). IEEE, 
4920–4928. https://doi.org/10.1109/CVPR.2016.532 

[41] Donald A Norman. 1988. The Psychology of Everyday Things. Basic books, New 
York, NY, USA. 

[42] Donald A Norman. 1998. The invisible computer: why good products can fail, the 
personal computer is so complex, and information appliances are the solution. MIT 
press, Cambridge, MA, USA. 

[43] Midas Nouwens and Clemens Nylandsted Klokmose. 2018. The Application 
and Its Consequences for Non-Standard Knowledge Work. In Proceedings of the 
2018 CHI Conference on Human Factors in Computing Systems (Montreal QC, 
Canada) (CHI ’18). Association for Computing Machinery, New York, NY, USA, 
1–12. https://doi.org/10.1145/3173574.3173973 

[44] Terezinha Nunes, Analucia Dias Schliemann, and David William Carraher. 1993. 
Street mathematics and school mathematics. Cambridge University Press. 

[45] Jef Raskin. 2000. The humane interface: new directions for designing interactive 
systems. Addison-Wesley Professional. 

[46] Troels A. Rasmussen and Timothy Merritt. 2018. ProjecTables: Augmented CNC 
tools for sustainable creative practices. International Journal of Architectural 
Computing 16, 3 (2018), 227–242. https://doi.org/10.1177/1478077118792356 

[47] Umair Rehman and Shi Cao. 2017. Augmented-Reality-Based Indoor Navi-
gation: A Comparative Analysis of Handheld Devices Versus Google Glass. 
IEEE Transactions on Human-Machine Systems 47, 1 (2017), 140–151. https: 
//doi.org/10.1109/THMS.2016.2620106 

[48] Geofrey B. Saxe. 1988. Candy Selling and Math Learning. Educational Researcher 
17, 6 (1988), 14–21. https://doi.org/10.3102/0013189X017006014 

[49] Mike Scaife and Yvonne Rogers. 1996. External cognition: how do graphical 
representations work? International journal of human-computer studies 45, 2 
(1996), 185–213. 

[50] Arthur Tang, Charles Owen, Frank Biocca, and Weimin Mou. 2003. Comparative 
Efectiveness of Augmented Reality in Object Assembly. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (Ft. Lauderdale, 
Florida, USA) (CHI ’03). Association for Computing Machinery, New York, NY, 
USA, 73–80. https://doi.org/10.1145/642611.642626 

[51] Ryosuke Tanno, Takumi Ege, and Keiji Yanai. 2018. AR DeepCalorieCam V2: 
Food Calorie Estimation with CNN and AR-based Actual Size Estimation. In 
Proceedings of the 24th ACM Symposium on Virtual Reality Software and Technology
(Tokyo, Japan) (VRST ’18). ACM, New York, NY, USA, Article 46, 2 pages. https: 
//doi.org/10.1145/3281505.3281580 

[52] Harold Thimbleby. 2000. Calculators are needlessly bad. International Journal of 
Human-Computer Studies 52, 6 (2000), 1031–1069. https://doi.org/10.1006/ijhc. 
1999.0341 

[53] Frederic Valle-Tourangeau, Miroslav Sirota, and Gaëlle Villejoubert. 2013. Re-
ducing the impact of math anxiety on mental arithmetic: The importance of 
distributed cognition. In Proceedings of the Annual Meeting of the Cognitive Sci-
ence Society, Vol. 35. 3615–3620. 

[54] Frédéric Vallée-Tourangeau and Gaëlle Villejoubert. 2013. Naturalising Problem 
Solving. In Cognition Beyond the Brain: Computation, Interactivity and Human Ar-
tifce, Stephen J. Cowley and Frédéric Vallée-Tourangeau (Eds.). Springer London, 
London, 241–253. https://doi.org/10.1007/978-1-4471-5125-8_13 

[55] L. Vertelney. 1989. Using Video to Prototype User Interfaces. SIGCHI Bull. 21, 2 
(oct 1989), 57–61. https://doi.org/10.1145/70609.70615 

[56] Tri-Viet Vo, Minh Nguyen, and Huy Le. 2018. Augmented Reality on Mobile 
Platform: A New Way to Instantly View and Display Foreign Currency Exchange 
Rate. In 2018 International Conference on Image and Vision Computing New Zealand 
(IVCNZ). IEEE, 1–5. https://doi.org/10.1109/IVCNZ.2018.8634773 

[57] Christian Weichel, Jason Alexander, Abhijit Karnik, and Hans Gellersen. 2015. 
SPATA: Spatio-Tangible Tools for Fabrication-Aware Design. In Proceedings of the 
Ninth International Conference on Tangible, Embedded, and Embodied Interaction 
(Stanford, California, USA) (TEI ’15). Association for Computing Machinery, New 
York, NY, USA, 189–196. https://doi.org/10.1145/2677199.2680576 

[58] Galit P. Wellner. 2015. A Postphenomenological Inquiry of Cell Phones: Genealogies, 
Meanings, and Becoming. Lexington Books. 

[59] Pierre Wellner. 1991. The DigitalDesk Calculator: Tangible Manipulation on a 
Desk Top Display. In Proceedings of the 4th Annual ACM Symposium on User 
Interface Software and Technology (Hilton Head, South Carolina, USA) (UIST ’91). 
ACM, New York, NY, USA, 27–33. https://doi.org/10.1145/120782.120785 

[60] Richmond Y. Wong and Vera Khovanskaya. 2018. Speculative Design in HCI: 
From Corporate Imaginations to Critical Orientations. In New Directions in Third 
Wave Human-Computer Interaction: Volume 2 - Methodologies, Michael Filimowicz 
and Veronika Tzankova (Eds.). Springer International Publishing, Cham, 175–202. 
https://doi.org/10.1007/978-3-319-73374-6_10 

[61] Richmond Y. Wong and Deirdre K. Mulligan. 2016. When a Product Is Still 
Fictional: Anticipating and Speculating Futures through Concept Videos. In 
Proceedings of the 2016 ACM Conference on Designing Interactive Systems (Brisbane, 
QLD, Australia) (DIS ’16). Association for Computing Machinery, New York, NY, 
USA, 121–133. https://doi.org/10.1145/2901790.2901801 

[62] J.D. Zamfrescu-Pereira, David Sirkin, David Goedicke, RAY LC, Natalie Friedman, 
Ilan Mandel, Nikolas Martelaro, and Wendy Ju. 2021. Fake It to Make It: Exploratory 
Prototyping in HRI. Association for Computing Machinery, New York, NY, USA, 
19–28. https://doi.org/10.1145/3434074.3446909 

https://doi.org/10.1559/15230406392107
https://doi.org/10.1559/15230406392107
https://doi.org/10.1145/3313831.3376252
https://doi.org/10.1145/3313831.3376252
https://doi.org/10.1068/a42371
https://doi.org/10.1145/3342240
https://doi.org/10.1145/3242587.3242613
https://doi.org/10.1145/3313831.3376160
https://doi.org/10.1145/3313831.3376160
https://doi.org/10.1109/VR50410.2021.00104
https://doi.org/10.1145/274644.274719
https://doi.org/10.1525/aeq.1994.25.4.04x0531k
https://doi.org/10.1525/aeq.1994.25.4.04x0531k
https://doi.org/10.1145/503376.503406
https://doi.org/10.1080/00094056.1999.10522001
https://doi.org/10.1111/j.1949-8594.1999.tb17461.x
https://doi.org/10.1111/j.1949-8594.1999.tb17461.x
https://doi.org/10.1145/2702123.2702490
https://doi.org/10.1109/CVPR.2018.00013
https://doi.org/10.1145/3290605.3300826
https://doi.org/10.1109/CVPR.2016.532
https://doi.org/10.1145/3173574.3173973
https://doi.org/10.1177/1478077118792356
https://doi.org/10.1109/THMS.2016.2620106
https://doi.org/10.1109/THMS.2016.2620106
https://doi.org/10.3102/0013189X017006014
https://doi.org/10.1145/642611.642626
https://doi.org/10.1145/3281505.3281580
https://doi.org/10.1145/3281505.3281580
https://doi.org/10.1006/ijhc.1999.0341
https://doi.org/10.1006/ijhc.1999.0341
https://doi.org/10.1007/978-1-4471-5125-8_13
https://doi.org/10.1145/70609.70615
https://doi.org/10.1109/IVCNZ.2018.8634773
https://doi.org/10.1145/2677199.2680576
https://doi.org/10.1145/120782.120785
https://doi.org/10.1007/978-3-319-73374-6_10
https://doi.org/10.1145/2901790.2901801
https://doi.org/10.1145/3434074.3446909


Integrated Calculators: Moving Calculation into the World DIS ’24, July 01–05, 2024, IT University of Copenhagen, Denmark 

[63] Stefanie Zollmann, Raphaël Grasset, Tobias Langlotz, Wei Hong Lo, Shohei Mori, 
and Holger Regenbrecht. 2020. Visualization Techniques in Augmented Reality: 
A Taxonomy, Methods and Patterns. IEEE Transactions on Visualization and 
Computer Graphics 27, 9 (2020), 1–20. https://doi.org/10.1109/TVCG.2020.2986247 

A OBSERVED CALCULATOR TYPES 
As described in Section 3.2, we analyzed and tagged 256 Android 
calculator apps. In a frst pass, we assigned tags to each app using 
open-ended coding. Afterwards, we iteratively refned the tags and 
ultimately grouped them into ten clusters. The majority (163) of 
apps were assigned only one tag, but many apps supported multiple 
functions. We had 58 apps that were assigned at least three tags, 
while the average app had 1.9 tags. Figure 5 shows an overview 
of the identifed tags as well as which tags co-occur. Below, we 
provide details on each of the ten subsequently identifed groups 
and the included apps. 

A.1 Scientifc Calculators 
We tagged 60 apps as scientifc calculators, relating to a class of 
physical calculators with more complex layouts and functionality. 
For apps, the distinction is more fuzzy, as many ofer similar func-
tionality in alternative button modes, when used in landscape mode, 
or on larger devices. Yet, several apps copy their layout directly 
from physical scientifc calculators. Commonly, scientifc calculator 
apps include graphing functions and of the 32 graphing apps, 26 
were also scientifc calculators. Similarly, all 26 calculator apps that 
included some kind of solver were also scientifc calculators. 

Figure 5: Occurrence and co-occurrence of functionality in 
the investigated set of Android apps. 

A.2 Physics, Chemistry, Computing, and 
Engineering 

We found 13 apps with functions relevant for physics or chemistry, 
25 apps related to computing, as well as 43 apps tailored to engineer-
ing. A common function in these apps were collections of formulas 
and constants. Calculators for physics/chemistry also help calculat-
ing molecular weight, fertilizer use, and diluting and mixing solu-
tions. For computing, functionality included conversion between 
binary, octal, hexadecimal, and decimal number systems. Further-
more, logical operations and shifting were commonly included and 
several apps also ofered operations on network addresses. In engi-
neering, we found a range of construction calculators that help with, 
for example, calculating how many bricks are needed for a wall, 
calculating the weight of a steel beam, or working with concrete or 
lumber. Apart from construction, workshop use (e.g., calculating 
bend allowances or blanking pressures) and electronics (e.g., Ohm’s 
law or calculating circuit resistance) stood out. Other specialized 
calculators support hydraulic and pneumatic systems, surveying, 
photography, audio, lighting, and exhausts and heat transfer. 

A.3 Conversion 
Conversion was a function in 54 apps, most commonly in the form 
of currency conversion. In addition, a range of other units (e.g., 
weights, lengths, temperatures, energy, or speed) often could also 
be used in conversion. Some tasks of daily life are supported with 
dedicated converters, like ones for fuel consumption, cooking, as 
well as shoe, clothing, and jewellery sizes. 

A.4 Health and Medical 
We tagged 36 calculators as containing health or medical function-
ality, mostly apps including a body mass index calculator. This 
was sometimes accompanied with body fat percentage, basal meta-
bolic rate, obesity index, and daily calories calculators to help with 
weight loss. Other functions were risk calculators for cardiovas-
cular diseases and type 2 diabetes, several calculators related to 
pregnancy and menstruation, and one for calculating blood alcohol 
levels. In addition, there were professional medical calculators with 
functionality to, for example, help determine intubation tube sizes, 
or to compute sequential organ failure assessment scores. 

A.5 Sports and Games 
Only 12 apps contained functions specifc to sports and games. 
The former included support for running, diving, weight lifting, 
shooting, and general ftness. The latter group had odds calculation 
for poker and a Pokemon Go calculator. 

A.6 Financial 
We tagged 54 apps as containing some form of fnancial calculation. 
This ranged from apps that calculate sales tax, to ones helping with 
loans. For example, there were functions to calculate loan amortiza-
tion, time value of money, investment plans, mortgage payments, 
returns of investment, pip values, and capital asset pricing models. 

https://doi.org/10.1109/TVCG.2020.2986247
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A.7 Shopping and Dining 
Related to fnancial calculations, some apps provided dedicated 
functionality for shopping (30), tipping (19), and bill splitting (6). 
Examples of shopping support we have already discussed were sales 
(and similar) tax calculation and size conversions. Additionally, 
many apps provided discount calculators and some integrate a 
shopping list functionality. Similar to discounts, tipping calculators 
allow users to work with initial costs and percentages. Bill splitting 
calculators also commonly take tipping into account when dividing 
up a bill, but some also provide control over rounding and allow 
for direct sharing of the calculated amount with friends. 

A.8 Time 
Calculating with time was a feature in 31 apps. This can be, for 
example, calculating the number of days between two dates, com-
puting relative dates, setting countdowns, or converting between 
time representations and zones. Some apps allowed arbitrary math 
operations on times, such as multiplying and modulo. Functions 
around birthdays were common, such as computing time till a 
birthday, or age from a birthday. 

A.9 Other Mathematics 
For some areas of mathematics, calculators had special adapta-
tions. For example, 12 apps had dedicated support for geometric 
operations, such as computing areas, volumes, intersections, or 
circumferences. We also found 11 apps with some kind of statistics 
functions. This included, descriptive statistics, statistical distribu-
tions, correlation, and regression. 

All calculators can handle fractions and percentages, but some 
provide specialized support. We found 11 apps that stress their 
fraction functionality, including special display and conversion 
modes as well as input tailored to fractions. Similarly, 6 apps were 
designed for working with percentages beyond the tip and discount 
calculators discussed above. For example, such apps have dedicated 
screens for converting between percentages and fractions or to 
calculate the results of a percent operation. 

A.10 Other Uses 
A small number of calculators supported input via voice (3) and 
handwriting (2). There were also 4 calculators specifcally designed 
for learning mathematics. Likely due to the inconspicuous nature of 
calculator apps there were 15 apps that, while also being a calculator, 
were primarily intended to hide fles. Upon entering a secret code 
or performing a secret gesture, such ‘vault’ apps reveal a media 
gallery, private browser, or notes. 

There were also 5 apps designed with some form of data entry 
in mind: counting money, recording weather observations, hours 
of work, or lumber. Some form of note taking was also supported 
in 10 apps. For example, while many more apps keep a calculation 
history, some of these allow users to add comments to entries in 
that history. Another calculator allowed users to freely mix text and 
number entry and operate in a style more like a notebook. Finally, 
some calculators had dedicated note or shopping list views directly 
in the app. 

B CALCULATOR APP PATTERNS 
We identifed four patterns in the reported use and the analysis of 
available apps: (1) calculator apps commonly combine calculation 
functions with a multitude of loosely related additional everyday 
tools, (2) highly specialized uses manifest as tailored apps, (3) adap-
tations are available to lessen requirements of mathematical knowl-
edge, and (4) functions are designed to align with the world and 
tasks within it. We describe each of these in more detail below and 
describe the resulting requirements for better calculation support. 

B.1 Calculators between Multi-Tools and 
Specialization 

Calculator apps contain a wide range of functionality (such as 
shown in Figure 6), but often include several non-calculator tools 
as well. Examples of such tools include spirit levels, compasses, 
fashlights, rulers, stop watches, and barcode readers. The calculator 
hence is sometimes just part of an assortment of tools, similar to a 
physical multi-tool. These strive to be handy in a range of everyday 
situations, underlining the role of the phone as an everyday tool [58, 
p. 56]. But it also shows that some see value in integrating all these 
tools into a single app, instead of having to move between apps for 
diferent tasks. 

The challenge to users is that a concrete calculation task in 
the real world requires them to fnd the appropriate functional-
ity. This is partly because function labels do not necessarily align 
with the given task, but also just because of the large number of 
functions available. Similar to the issue of bloatware in desktop 
computing [34], more functionality can negative impact usability. 

B.2 Specialized Calculators 
We found many areas, such as medicine, electronics, or forestry, for 
which specialized calculators exist. A common theme with these 
is that they provide presets for formulas relevant in their areas. 
For example, medical practitioners can calculate scores (e.g., HAS-
BLED) without needing to memorize the respective formulas and 
parameters. In addition to relief from memorization, this also en-
ables faster calculation. Instead of having to enter a full formula 
(and potentially transforming inputs to it), users only need to fll in 
the blanks. Specialized forms can also ofer additional information 
on felds, such as parameter names and ranges, that are not avail-
able in generic calculators. Specialized calculators are commonly 
designed for experts and assume that these users are familiar with 
the domain. For example, such apps often use abbreviated units, 
codes, and symbols that users need to already know. 

B.3 Easing Application of Mathematics 
Many calculators have redundant functions, such as the common 
‘percent key’ that multiplies the preceding number by 0.01. Simi-
larly, some calculators provide extended support for working with 
fractions, such as comparing them. Some unit conversions (e.g., 
centimeters to meters) are also easy multiplications, yet not all 
users might be aware of this and hence they are dedicated func-
tions. Furthermore, several calculators provide step-by-step results, 
which also can help with mathematical understanding. 
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Many calculator functions hide more complex math by provid-
ing simpler forms. For example, fnancial calculators provide ab-
stractions for a range of comparably simple formulas, such as 
interest calculation. While the total debt can be calculated as 
amount · (1 + rate)time , this is likely a non-trivial transformation 
for many. Hence, many calculators contain specialized forms with 
felds for each of the required values, but hide the equation itself. 

Figure 6: Screenshot of the additional functions available in 
the “Calculator Plus” app. 
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Another way to hide underlying complexity is to make calcu-
lation specifc to the units used. As discussed above, conversion 
is an example of this, but we found a range of other unit-specifc 
functionality. For example, a building calculator allows users to 
work with ‘cement bags’, ‘tiles’, or ‘bricks’ directly. A common 
example is calculation with time, where users can, for example, 
directly express the subtraction of two dates. With physical calcu-
lators, users would instead frst need to convert dates to an integer 
representation to calculate with them. 

The problem with these aides is that they are only available as 
specialized functions. There is no consistent abstraction and hence 
users need to pick the right function and app for their problem. 

B.4 Aligning with the World 
One important way to ease application of mathematics is to align it 
better with the world. The better users can transfer a problem they 
are facing into a mathematical form, the more efective they can 
be. For example, providing dedicated support for percentages can 
help users express what they see in their daily life. When a store 
has “30% of” signs, for example, some calculators require users 
to manually translate that into a multiplication of “Price × 0.7”. 
Yet, other calculators allow for more direct translations as “Price × 
70%” or even “Price − 30%”. Because such formulations might not 
be straightforward for all users, several calculators ofer special 
discount views, where there are dedicated felds for the starting 
price and the percentage reduction. Hence, in those cases, users 
need to only copy in values, but no longer need to formulate the 
target equation. 

Better alignment of the calculator interface with the problem is 
also prominent with geometry-related functionality. For example, 
these commonly include illustrations of the corresponding shapes 
and solids. Hence, users can directly see what variable corresponds 
to what aspect of a shape. Going a step further, some apps allow 
number entry directly in the displayed shapes. For example, users 
can enter lengths on two sides of a triangle and then automatically 
get the length of the third computed. 

Ultimately, while calculator apps close the gulf of execution 
somewhat, there remains a disconnect between themselves and the 
tasks. The forms and views they provide only align with or mimic 
the respective task, but remain distinct from them. For example, 
the geometric views in the apps are only iconic representations of 
the actual objects they are used for. 
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