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Abstract—Manual computation of gear cutting and shaft
design parameters is a routine requirement in mechanical
technology instruction and shop-floor practice, yet its repetitive
nature introduces costly error risks in both contexts. This
paper presents the development and pilot validation of three
web-based computational modules for spur gear geometry,
dividing head indexing, and torsional shaft sizing, implemented
in Python using the Streamlit framework and deployed on Hug-
ging Face Spaces. Unlike general-purpose calculators or static
reference tables, the tool suite integrates symbolic equation
solving, a multi-parameter input structure, a built-in materials
library, and dual-representation indexing output within a single
workflow-oriented interface grounded in established mechanical
design standards. A pilot study with N = 54 Mechanical
Technology students evaluated tool outputs against indepen-
dently derived reference solutions using a binary correctness
scheme across nine required output items. Results indicate an
overall mean accuracy rate of 84.6%, with per-module rates of
89.6%, 75.3%, and 87.0% for the spur gear, indexing, and shaft
modules respectively. Most participants completed all tasks
without assistance, with a median total completion time of
190 seconds. System Usability Scale scores yielded a mean of
62.78, while Likert-scale ratings for perceived usefulness, ease
of use, applicability, and reliability ranged from 4.09 to 4.51. A
weak accuracy-usability correlation (r = 0.136) indicated that
errors were attributable primarily to output labeling ambiguity
rather than interface navigation difficulty. Findings support
the computational validity of the tools and their readiness for
laboratory instruction integration, pending targeted interface
refinements.
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I. Introduction

Accurate computation is fundamental to machining
and mechanical design, particularly in tasks involving
involute spur gear geometry, dividing head indexing for
gear cutting operations, and torsional shaft sizing. These
calculations rely on precise application of standard design
relations, consistent unit handling, and careful interpreta-
tion of results, as outputs directly inform machining setup
decisions and component design [1]. In instructional set-
tings, students in mechanical technology courses routinely
perform these computations as preparatory exercises be-

fore laboratory work. In professional practice, machinists
and designers use equivalent procedures for setup plan-
ning, dimensional verification, and ensuring components
remain within allowable stress and deformation limits [2],
[3].

While manual calculation remains essential for con-
ceptual learning, its repetitive application in laboratory
and production contexts introduces practical limitations.
Common error sources include incorrect formula selection,
arithmetic mistakes, and inconsistent unit conversion.
These errors are particularly costly in subtractive machin-
ing, where a mistake can result in material scrap, machine
downtime, and rework [4]-[6]. For instructors, verifying
student outputs across varied parameter sets is time-
intensive, and the absence of a consistent computational
reference increases the likelihood of undetected errors
propagating into machining decisions [7].

Existing computational aids such as general-purpose
calculators, spreadsheet templates, and reference tables
partially address these limitations but are not designed
around the specific workflows of gear cutting and shaft
design instruction. They typically lack guided input se-
quences, embedded parameter validation, integrated out-
put formatting aligned with standard machining report-
ing, and instructional context that connects computed
values to their physical meaning [7], [8]. No prior work has
specifically developed and pilot-validated a modular, web-
accessible computational tool suite targeting both gear
cutting and torsional shaft design simultaneously within
a single instructional workflow.

This paper presents the development and pilot val-
idation of three web-based computational modules for
spur gear geometry, dividing head indexing, and torsional
shaft sizing, grounded in established mechanical design
standards [1] and deployed through an accessible browser
interface. The contribution lies in the integration of
validated computation logic, workflow-oriented interface
design, and structured task-based pilot validation against
known reference solutions, evaluated with N = 54 Me-



chanical Technology students. Results demonstrate a mean
overall accuracy of 84.6% across all task items, with
findings identifying specific interface refinements needed
to reduce input and recording errors.

II. Related Work

The integration of digital tools into engineering and
technology education has been widely examined as a
means of improving instructional effectiveness and bridg-
ing the gap between theoretical knowledge and practical
application. Simulation-based environments have demon-
strated value in supporting design validation without
physical prototyping [9], while interactive applications and
virtual laboratory systems have been developed specif-
ically for undergraduate engineering instruction through
guided computation and visualized feedback [10], [11]. Re-
search also consistently identifies a gap between graduate
competencies and industry expectations, motivating the
development of instructional tools closely aligned with au-
thentic engineering tasks and decision-making workflows
[7], [12], [13]. At the same time, emerging technologies such
as generative design and Al-assisted optimization con-
tinue to reshape engineering practice, though challenges
in access, implementation, and instructional preparation
remain [8].

In the domain of gear cutting, prior work has addressed
computational and educational needs from both industrial
and academic perspectives. Industrial gear manufacturing
systems have emphasized the importance of precision and
repeatability in high-volume production [4], while theoret-
ical treatments of gear cutting geometry have established
the kinematic and parametric foundations underlying spur
gear generation [14], [15]. At the educational level, vir-
tual gear design environments and multi-user laboratory
simulators have demonstrated the feasibility of digitally
supported gear computation for undergraduate learners
[10], [11]. For shaft design and torsional analysis, classi-
cal analytical methods and simulation-based approaches
have been applied to deformation modeling and material
selection [16], [17], while physical torsion testing devices
and design project-based instruction have been used to
reinforce conceptual understanding of torsional behavior
[18], [19].

Despite these contributions, no prior work has de-
veloped and pilot-validated a wunified, modular, web-
accessible computational tool suite targeting both gear
cutting and torsional shaft design simultaneously within
a single instructional workflow. Existing tools are either
domain-specific without cross-module integration, indus-
trially oriented without instructional alignment, or not
validated against reference solutions through structured
task-based testing with defined participant groups. This
work addresses that gap by presenting a three-module
computational tool suite grounded in established design
standards, deployed through an accessible web interface,
and validated through a structured pilot study with

N = 54 Mechanical Technology students using binary
correctness scoring against known reference solutions.

ITI. Tool Development

The three computational modules were developed in
Python using the Streamlit framework, grounded in a
structured consolidation of established mechanical design
relations and machining references [1]-[3], [14], [15], [20].
Each module was structured around a defined set of input,
intermediate, and output variables with standardized
naming conventions, consistent unit handling, and fixed-
decimal output formatting. The modules were deployed
as independent web applications on Hugging Face Spaces,
accessible through any standard browser without local
installation, with access during pilot testing facilitated
through dedicated QR codes printed on the task sheet.

A. Spur Gear Geometry Module
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Fig. 1. Spur gear geometry module showing the embedded gear
diagram, two-parameter input selectors, pressure angle selection, and
computed output table.

The spur gear geometry module accepts any two of
thirteen standard spur gear parameters as inputs and
solves for all remaining values, including diametral pitch
Py, number of teeth T', pitch diameter D, circular pitch P,
addendum a, dedendum d, clearance ¢, module M, tooth
thickness T3, whole depth W, working depth W,.; outside
diameter D,, and root diameter D,. The module solves
the following system of governing relations simultaneously
using symbolic computation [1]:
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The dedendum coefficient is selected based on the
specified pressure angle: d = 1.25/P; for 20° and 25°,
and d = 1.157/ P, for 14.5° and 22.5° [1]. The remaining
outputs follow as:

c=d-—a,
D, =D + 2a,

W=a+d, W,=2a (2)
D,=D-2d (3)

The interface presents two labeled dropdown selectors
for parameter selection and a pressure angle selector. Upon
submission, the symbolic solver resolves all unknowns and
displays the full output set in a structured table. An
embedded spur gear diagram supports correct parameter
identification. Input validation rejects non-physical en-
tries, zero inputs, and duplicate parameter selections prior
to computation.

B. Dividing Head Indexing Module

Indexing Plate Calculator for
Gear Cutting

This tool helps you determine the appropriate indexing plate and number of turns needed to cut gears
with a specified number of teeth using a Brown and Sharpe indexing head.

How to Use:

1. Enter the number of teeth for the gear you want to cut in the input field below.
2. Click the 'Calculate' button to see the recommended plate, hole configuration, and indexing details.

This tool simplifies gear-cutting calculations, ensuring accuracy and saving time.

Enter the number of teeth of the gear

26 = W

Calculate

Use Plate #3 with 39 holes. The number of turns is 1 7/13 or 1 21/39. Which translates to moving 1
complete revolution(s) and 21 hole(s), OR a total of 60 holes per index.

Fig. 2. Indexing plate calculator showing the tooth count input and
the dual-representation output: mixed-number crank movement and
equivalent total hole count per index.

The dividing head indexing module supports gear cut-
ting setup for a standard 40:1 indexing head. Given
a desired number of gear teeth N, the required crank
movement per index is computed as:

40
n= N (4)

The result is decomposed into complete revolutions and
a fractional remainder r/q in lowest terms. The module
searches the standard Brown and Sharpe plate library for
a hole circle count H satisfying H = 0 (mod ¢), then
computes the integer hole advancement h:

r
h=-xH 5
. (5)

The output presents both a mixed-number crank instruc-
tion and an equivalent total hole count per index. For
the validation task (N = 26), the module yields Plate
3 with a 39-hole circle, one complete revolution plus

21 holes advanced, or equivalently 60 total holes per
index. This dual representation is an intentional design
decision to reduce setup ambiguity, as misinterpretation
of the fractional crank movement was the most frequently
observed source of error during pilot testing, discussed
further in Section V.

C. Torsional Shaft Sizing Module

The torsional shaft sizing module determines the min-
imum required diameter of a solid circular shaft under
pure torsion [20]. For a solid shaft with polar moment
of inertia J = 7wd*/32, the required diameter based on
allowable shear stress 7 and angle of twist ¢ is:
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(6)

where L is shaft length, G is the material shear
modulus, and ¢ is expressed in radians. The interface
guides users through sequential inputs: material selection
from a built-in library that automatically supplies G for
common engineering materials including steel, aluminum,
copper, titanium, brass, cast iron, stainless steel, nickel,
magnesium, zinc, bronze, and carbon fiber; applied shear
stress in MPa; allowable angle of twist in degrees; and
shaft length in mm. Unit conversion is handled internally.
For the validation task, a titanium shaft (G = 45 GPa,
L = 500 mm, 7 = 45 MPa, ¢ = 1°) yielded a required
diameter of 57.30 mm.

IV. Validation Methodology

A. Research Design

The validation followed a single-arm pilot design in
which all participants used the computational tools to
complete structured tasks, with no control group or
baseline manual calculation condition. This design is
appropriate for a first-iteration tool validation study
where the primary objective is to establish computational
correctness and initial usability evidence prior to broader
deployment, rather than to compare performance against
an alternative condition [7]. The absence of a control group
is acknowledged as a limitation and is addressed in the
recommendations for future work.

B. Participants

Pilot testing was conducted with N = 54 Mechanical
Technology students from Bicol University. Participants
completed the tasks using their own devices, accessed
through QR codes printed on a structured task sheet.
Of the 54 participants, 52 used mobile phones and 2 used
tablets, reflecting the browser-based accessibility of the
deployed tools across device types.



C. Task Design

Three computation tasks were designed to represent
typical gear cutting and shaft design scenarios encountered
in instructional and practice-oriented settings. Task 1
required participants to compute five spur gear geometry
parameters — diametral pitch, pitch diameter, circular
pitch, dedendum, and working depth — given the number
of teeth, addendum, and pressure angle. Task 2 required
participants to determine the indexing plate number,
crank turns per index expressed as a mixed number, and
number of holes to advance per index for a specified gear
tooth count using a standard 40:1 dividing head. Task
3 required participants to determine the required shaft
diameter for a titanium shaft given its length, applied
shear stress, and allowable angle of twist. Participants
were instructed to use only the computational tools
accessible via QR code, enter the provided parameters,
interpret the outputs, and record their answers on a
structured task sheet. Manual calculation was explicitly
not required.

D. Correctness Scoring

Computational correctness was assessed by comparing
each recorded participant output against a pre-computed
reference solution derived independently from the consol-
idated design relations described in Section 77, verified
against Machinery’s Handbook [1] and standard design
references [3], [20] prior to testing. Each required output
item was scored using a binary scheme: a score of 1 was
assigned if the participant’s recorded value matched the
reference value within the specified reporting precision
of two decimal places, and a score of 0 was assigned
otherwise. Item-level correctness scores were summed and
divided by the total number of required outputs to produce
an overall accuracy rate per participant, where a value of
1.0 represents full agreement with all reference solutions
across all three tasks. This scheme produced nine binary
correctness indicators per participant, corresponding to
five outputs from Task 1, three from Task 2, and one
from Task 3.

E. Task Performance Indicators

In addition to correctness, four task performance in-
dicators were recorded for each task. Completion time
was recorded in seconds from task initiation to final
answer entry. Task completion status was recorded as yes
or no. Assistance level was recorded using a three-level
ordinal scale: None, indicating the participant completed
the task independently; Minor, indicating the participant
required brief clarification such as parameter identifica-
tion or output interpretation; and Major, indicating the
participant required substantial guidance to complete the
task. Retake count was recorded as the number of times a
participant re-entered inputs before finalizing an answer.
These indicators provided supplementary evidence of task
efficiency and interface usability beyond correctness alone.

F. Post-Task Evaluation

After completing all three tasks, participants answered
a structured post-task questionnaire comprising two com-
ponents. The first component was the System Usability
Scale (SUS), a standardized ten-item instrument scored
on a five-point Likert scale [21]. SUS responses were scored
using the standard procedure: odd-numbered items were
scored as the response value minus one, even-numbered
items were scored as five minus the response value, the
adjusted scores were summed, and the total was multiplied
by 2.5 to yield a score on a 0 to 100 scale, where higher
scores indicate greater perceived usability. The second
component consisted of ten additional Likert-scale items
grouped into four constructs aligned with the Technology
Acceptance Model [22]: perceived usefulness (3 items),
perceived ease of use (3 items), applicability (2 items),
and reliability (2 items). Composite means were computed
for each construct by averaging the corresponding item
scores. All responses used a five-point scale ranging from
1 (Strongly Disagree) to 5 (Strongly Agree). Descriptive
statistics were used to summarize all quantitative indica-
tors, and no inferential statistical tests were applied given
the pilot sample size and single-arm design.

V. Results
A. Computational Correctness

Per-item correctness rates across all nine required
outputs are shown in Fig. 3. Task 1 outputs achieved
consistently high correctness rates ranging from 81.5% to
92.6%, indicating that the spur gear geometry module
produced reference-consistent outputs across the majority
of participant entries. Task 3 correctness was similarly high
at 87.0%. Task 2 showed a more differentiated pattern: the
plate number item reached 87.0% and the crank turns item
reached 98.1%, while the holes-per-index item recorded
the lowest correctness rate across all outputs at 40.7%.
Post-task review of participant responses indicates that
this error predominantly reflected misinterpretation of the
output label, with many participants recording the crank
turns value in the holes-per-index field rather than the
computed hole count. This finding suggests a labeling
and output clarity issue rather than a computation error
in the tool itself. The overall mean accuracy rate across
all participants and all nine items was 84.6% (median =
88.9%), with 42 of 54 participants achieving an accuracy
rate of 80% or above.

B. Task Performance

The majority of participants completed all three tasks
without requiring assistance. Aggregated across all tasks,
58.0% of task attempts were completed with no assistance,
32.1% required minor clarification such as parameter
identification or output interpretation, and 9.9% required
major guidance. The assistance pattern was consistent
across tasks, as shown in Fig. 4, with Task 3 recording a
slightly higher proportion of major assistance cases, likely
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Fig. 3. Per-item correctness rates across all nine required task
outputs. The dashed line indicates the 80% threshold. Items below
threshold are shown in gray.

reflecting unfamiliarity with material property inputs and
unit expectations in the shaft module. Retake counts were
low across all tasks (mean < 0.15 per task), suggesting that
most participants finalized their answers without repeated
input re-entry. Median completion times were 60 seconds
for Task 1, 83 seconds for Task 2, and 47 seconds for Task
3, with Task 2 showing the widest variation, consistent
with the greater cognitive load of interpreting the dual-
representation indexing output.
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Fig. 4. Assistance level distribution per task. The majority of task
attempts were completed without assistance across all three modules.

C. Usability and Acceptance

SUS scores ranged from 42.5 to 100.0, with a mean
of 62.78 and a median of 58.75, placing the overall
group-level usability rating in the “OK” band of the
standard SUS grading scale [21]. The distribution shown in
Fig. 5 indicates considerable spread, with 18 participants
scoring below 50, 20 between 50 and 70, 11 between

70 and 85, and 5 at 85 or above. This spread reflects
variation in participant familiarity with web-based tools
and mobile browser interfaces, and is consistent with the
expected range for a first-iteration deployment without
prior user onboarding. In contrast, the four Likert-scale
constructs aligned with the Technology Acceptance Model
[22] yielded more uniformly favorable ratings: perceived
usefulness (mean = 4.51), perceived ease of use (mean
= 4.31), applicability (mean = 4.09), and reliability
(mean = 4.17), all on a five-point scale. These results
indicate that despite moderate SUS scores, participants
broadly perceived the tools as useful, applicable to their
instructional context, and reliable in their computational
outputs. The Pearson correlation between SUS scores and
overall accuracy rates was weak (r = 0.136), suggesting
that accuracy was not strongly dependent on perceived
usability, and that errors were more likely attributable
to output interpretation and recording issues than to
interface navigation difficulty.
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Fig. 5. Distribution of SUS total scores (/N = 54). The dashed line
indicates the group mean of 62.78. Informal SUS grade bands are
annotated above each bin range.

The relationship between overall accuracy and SUS
score is shown in Fig. 6. The scatter plot and fitted
trend line indicate a weak positive correlation (r = 0.136)
between perceived usability and task accuracy, suggesting
that higher usability ratings were not a strong predictor of
correctness. This finding implies that the accuracy errors
observed in this pilot were more likely attributable to
output labeling ambiguity and recording confusion than to
difficulty navigating the interface. Notably, several partic-
ipants who rated the tool highly in usability still recorded
low accuracy, further supporting the interpretation that
interface improvements targeting output clarity and label
specificity are the more productive focus for the next
development iteration.

VI. Conclusion

This paper presented the development and pilot val-
idation of three web-based computational modules for
spur gear geometry, dividing head indexing, and torsional
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Fig. 6. Scatter plot of overall accuracy rate versus SUS total score
with fitted trend line. The weak correlation (r = 0.136) indicates
that accuracy errors were largely independent of perceived usability.

shaft sizing, implemented in Python using the Streamlit
framework and deployed on Hugging Face Spaces. The
tool suite was grounded in established mechanical design
standards and validated against independently derived
reference solutions. A pilot study with N = 54 Mechanical
Technology students demonstrated an overall mean accu-
racy rate of 84.6%, with per-module rates of 89.6%, 75.3%,
and 87.0% for the spur gear, indexing, and shaft modules
respectively. The majority of participants completed all
tasks with no assistance and low retake counts, and
Likert-scale ratings for perceived usefulness, ease of use,
applicability, and reliability ranged from 4.09 to 4.51,
indicating strong user acceptance.

The most critical finding was the 40.7% correctness rate
for the holes-per-index output, traced to output labeling
ambiguity rather than a computation error. Combined
with a mean SUS score of 62.78 and a weak accuracy-
usability correlation (r = 0.136), this points to output
clarity and label specificity as the primary targets for the
next development iteration. Future work should extend
validation to industry practitioners and incorporate a
baseline manual calculation condition to enable direct
performance comparison.
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