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1  Introduction
Modern education in science, technology, engineering and mathematics (STEM) 
increasingly demands tools that bridge theoretical concepts with practical application, 
particularly in quantitatively intensive disciplines like chemistry [1]. Students frequently 
encounter difficulties applying mathematical skills to specific tasks, such as interpret-
ing graphical data or completing complex calculations [2]. These challenges are com-
pounded by the diversity of student backgrounds, particularly in practical STEM 
education [3]. Variability in prior hands-on experience and unequal access to STEM 
learning opportunities make it challenging for educators to provide consistent support 
across entire cohorts [4, 5].

An additional challenge in practical chemistry comes with an often-asynchronous 
nature of classroom and laboratory modules. Students typically rotate through different 
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experiments due to limitations in equipment and resources. Consequently, those in ear-
lier rotations may experience a higher cognitive load [6] and struggle to contextualise 
results, which can negatively impact learning outcomes and confidence [7].

To address these issues, educators have increasingly turned to digital learning tools 
that offer structured guidance, formative assessment, and timely feedback. Research into 
interactive e-worksheets demonstrates that embedding such tools within problem-based 
or inquiry-based pedagogies can significantly enhance problem-solving abilities, creative 
thinking, and engagement [8–11]. Key features, such as rapid feedback and opportuni-
ties for repeated practice, contribute to improved learning efficiency and support inclu-
sive learning environments [12].

1.1  The importance of feedback

Providing clear, constructive and actionable feedback is a powerful mechanism for sup-
porting student learning [13, 14]. Effective feedback should be timely and offer students 
the opportunity to reflect and improve their performance [15, 16]. High-information 
feedback, that is specific, explanatory and aligned with learning goals, has been shown 
to positively influence student learning and development [17].

In STEM disciplines, feedback is critical due to the complexity of translating abstract 
concepts into experimental practice [18]. Studies have demonstrated that timely, high-
quality feedback can enhance student confidence, promote self-regulated learning, 
and improve problem-solving skills [19]. However, delivering personal, high-frequency 
feedback in large laboratory cohorts remains challenging. The demands of equipment 
preparation, data validation, and safety oversight often limit the time available for indi-
vidualised instruction and feedback [20]. Digital feedback systems have emerged as a 
promising solution to these constraints [12]. A recent example is the RATsApp auto-
mated feedback system, which provides students with feedback on formative assess-
ments to support learning [21].

1.2  Smart worksheets in pedagogy: strengths and limitations

Recent advancements in educational technology have introduced smart worksheets as 
an emerging pedagogical tool in science education [22]. Smart worksheets provide real-
time targeted feedback to students, integrating feedback with instructions and auto-
mated assessment to facilitate self-directed learning in a supported environment [23]. 
These systems can deliver summative assessment and adaptive problem sets tailored to 
individual learning trajectories. Feedback may be scaffolded with introductory courses 
or inclusive learning environments in mind, or designed to promote conceptual thinking 
and metacognitive reflection [24].

This approach is particularly useful in practical STEM education, where concurrent 
hands-on data acquisition and analysis can enhance learning [25]. Commercial platforms 
such as LearnSci, Aktiv Chemistry and Tecquipment have demonstrated effectiveness 
in improving examination performance, fostering higher-order thinking, and reducing 
instructor grading burdens [26–28]. Empirical studies show that smart worksheets can 
identify specific skill gaps, support critical thinking, and improve engagement, confi-
dence and performance among undergraduates in chemistry [29, 30] and pharmacy [31] 
courses.
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Smart worksheets are typically embedded within inclusive curriculum frameworks, 
guiding students through assessed tasks with specific feedback and automated grad-
ing [24]. They may also be used to support flipped classroom models [32] or as prog-
ress checks within broader assessment strategies [33]. Although current literature has 
focused primarily on applications in chemistry, the underlying principles are applicable 
to any discipline where assessment is measured by defined correct answers, making 
smart worksheets a flexible tool across higher education and beyond.

Despite their benefits, reliance on proprietary systems presents notable challenges. 
High licensing costs limit accessibility to underfunded institutions and closed-source 
architectures restrict pedagogical flexibility and content customization. Additionally, 
updates to commercial smart worksheet content often depend on vendor timelines, hin-
dering rapid adaptation to student feedback or curriculum changes. These limitations 
highlight the need for an open-source, flexible alternative that retains the pedagogical 
strengths of smart worksheets, while enhancing accessibility and adaptability.

1.3  Open-Source solutions for digital learning tools

Open-source frameworks offer a compelling alternative to develop digital learning tools, 
providing cost-effective, customizable platforms for the development of a wide range of 
digital educational resources, including smart worksheets. This study focuses on Python, 
a widely used open-source programming language with robust libraries for numerical 
calculations, data visualisation and statistical analysis [34]. By integrating Python with 
the tkinter module for graphical user interface (GUI) design, educators can create tai-
lored smart worksheets based on specific pedagogical goals.

Unlike commercial systems, a Python-based open-source smart worksheet al.lows 
educators to build modular, adaptable assessments with full control over content, grad-
ing logic, and data management. Key advantages include the ability to make real-time 
edits, maintain local gradebooks, and incorporate discipline-specific datasets. This flex-
ibility supports creation of a tailored educational experience based on specific learning 
needs, which aligns with growing demand for accessible and adaptable educational tech-
nologies [35, 36].

2  Study aims
The pedagogical effectiveness of smart worksheets in supporting learning has been well 
documented, particularly in STEM education [29–31]. This study presents a new method 
for building an open-source smart worksheet using Python, which we have designated 
OSPREY (Open-Source Python Responsive Evaluation sYstem). This study evaluates the 
student perspective on its efficacy to support an undergraduate electrochemistry experi-
ment. The open-source smart worksheet guides students through data analysis, while 
providing real time feedback and automated assessment. We assess whether this sys-
tem is perceived by students to replicate the benefits of commercial smart worksheets, 
including enhancing conceptual clarity and reducing cognitive load, while overcoming 
cost and customization limitations. In this way, we demonstrate that our open-source 
approach offers a viable, cost-effective and accessible alternative for implementing smart 
worksheet technologies in higher education.
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3  Methodology
This study employed a mixed-methods approach to evaluate the effectiveness and usabil-
ity of an open-source smart worksheet in an undergraduate chemistry laboratory mod-
ule. The primary aim of the data collection was to assess: (i) students’ perception of the 
worksheet’s usefulness, fairness, and feedback quality; (ii) the impact on students’ confi-
dence and understanding of the experiment; and (iii) overall user experience and prefer-
ences for integrating such tools into laboratory teaching. The questionnaire was given to 
55 first year undergraduate students after completion of the smart worksheet-supported 
laboratory session. The response rate (n) is given in the caption of all presented data. 
Values of n lower than 55 are due to students choosing not to submit a questionnaire at 
the end of the session. No data were excluded from the study.

Quantitative data were collected using a structured questionnaire with Likert-scale 
items (1–10). Likert data are treated as ordinal, so median values are reported. Ques-
tions were designed to measure student perceptions of the laboratory experiment and 
the smart worksheet. To minimise response bias and enhance clarity, each question was 
framed in straightforward language with clear endpoints.

To help students conceptually separate their experience of the practical component 
versus their experience using the smart worksheet, the questionnaire included targeted 
questions addressing each aspect separately. The questionnaire also included three open-
ended questions that allowed students to describe what they liked or disliked about the 
worksheet and to provide additional comments.

To evaluate the internal consistency of the questionnaire, Cronbach’s alpha (α) was 
calculated for the seven questions evaluating perceptions of the smart worksheet. Cron-
bach’s alpha is a widely used metric for determining the reliability of survey instruments 
in educational research, with values above 0.7 generally considered acceptable [37]. The 
calculated value of α = 0.89 indicates strong internal consistency, suggesting that these 
items reliably measure a single construct of student perceptions of the worksheet.

3.1  Open-source smart worksheet design

The open-source smart worksheet design is built using Python’s tkinter module [38], 
a lightweight and flexible cross-platform GUI library. The tkinter module provides an 
intuitive interface for developing interactive applications, offering a wide range of wid-
gets including buttons, text fields, images, canvases and labels. These elements allow for 
dynamic content updates and pop-up windows to contribute to an active learning envi-
ronment [39], making the platform well-suited for delivering interactive real-time feed-
back. The worksheet code can be packaged as an executable file using the PyInstaller 
module [40], facilitating straightforward dissemination without requiring proprietary 
software (Fig. 1).

Designed as a self-contained assessment tool, the smart worksheet presents ques-
tions alongside input fields or checkboxes. Students submit response via a “submit” but-
ton, which triggers automated evaluation against predefined correct answers. Correct 
responses earn full marks, while incorrect response prompt a tailored feedback pop-up 
window. Students may then revise their answer based on the feedback for a reduced 
mark, promoting self-regulated learning [41] and reducing staff workload. A “solve” 
button is also available, which provides the correct answer for zero marks, and a more 
detailed feedback response that explains the correct answer.
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3.2  Questions and feedback mechanism

Questions within the smart worksheet are based on the same structured design. The 
educator defines the question, the correct answer, the maximum score, the penalty for 
an incorrect answer, and some general feedback for incorrect responses. Additionally, 
specific feedback can be programmed for common errors, allowing the worksheet to 
address misconceptions directly. This is especially useful in STEM education, where 
common mistreatment of equations or misunderstanding of unit conversions can lead to 
significant errors in student responses.

The open-source smart worksheet supports two types of correct answers:

 	• Given answers: Predefined responses, either as text or checkbox selections, that are 
directly compared to the student input.

 	• Calculated answers: Dynamically generated answers based on the same calculation 
as is expected from the student, ensuring consistency and fairness.

For complex, multi-step calculations, assessments can be broken down into stages, each 
with its own feedback mechanism. This scaffolded approach helps to reduce cognitive 
load and guides students through the problem-solving process [42].

Calculated answers require attention to precision. Students who round intermediate 
values may produce slightly different final answers, which can lead to frustrations if they 
perceive they have been penalised despite performing the correct calculations. From a 
pedagogical standpoint this can be an advantage, as learning the importance of precision 
in data handling is a useful skill. To support precision, there are two built-in automated 
feedback checks:

 	• Significant figures check: Ensures students have entered a sufficient amount of 
significant figures, as defined by the user.

Fig. 1  Screen shot of the open-source smart worksheet, OSPREY, that has been designed to support the “Intro-
duction to Electrochemistry” practical. This smart worksheet is coded using the tkinter module within Python and 
is fully open-source. The full commented code for this worksheet is freely available (see declarations for access 
instructions)
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 	• Tolerance check: Flags answers within 5% of the correct value, suggesting a rounding 
error is a likely cause.

Both of these checks come with custom feedback that tells students the nature of the 
error and highlights the importance of precision in quantitative analysis (Fig. 2).

3.3  Integration of graphical analysis

Graphical analysis capability is integrated using Python’s Matplotlib module [43]. Stu-
dents can input x and y data, which the worksheet dynamically plots within the GUI. 
Data may be entered as comma separated numbers or as a column of data directly cop-
ied from Excel, enhancing usability with larger datasets. The worksheet exports an image 
of the graph, and then reloads it into the smart worksheet window, allowing for a sec-
ondary analysis of graphical presentation on top of the automated grading.

The dynamic update function is well suited for graphical analysis. A “Preview” button 
allows students to adjust parameters and observe changes on the graph in real time. In 
our implementation, students label axes using Python syntax, reinforcing coding skills 
alongside chemistry learning. This approach could be applied to any of the wide range of 
formatting controls available through Matplotlib, from simple graph formatting to com-
plex baseline corrections and data selection.

3.4  Scatter graphs and related analysis

The smart worksheet design supports both scatter or linear graphs (Fig. 3). A key ana-
lytical technique for a linear scatter graph is to extract values from its gradient. In this 
study, students calculate the diffusion coefficient of copper ions in solution by analysing 
linear trends derived from cyclic voltammetry data [44].

To support this, a linear regression is performed on student data to determine the gra-
dient and associated error. The worksheet then guides students through step-by-step 

Fig. 2  Screen shot of a built-in error message in response to an incorrect answer from a student. Here, the student 
has made an error in their unit handling when asked to report the area of an electrode in square metres. The smart 
worksheet has spotted this and provides advice on checking the conversion of units during calculations
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calculations to determine both the diffusion coefficient and its uncertainty. Feedback is 
tailored to the specific values entered, allowing the system to identify and address com-
mon mistakes such as incorrect unit conversion or rounding errors.

Fig. 3 (See legend on next page.)
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This is a challenging analysis for students, as it combines a new experimental tech-
nique (cyclic voltammetry) with a complex calculation. Student cognitive load is often 
increased by a lack of familiarity with calculations using spreadsheet software such as 
Excel [45], and asynchronous learning of electrochemistry theory. The smart worksheet 
is therefore a valuable tool in bridging these gaps by providing in-the-moment support 
and personalised feedback.

3.5  Line graphs and related analysis

There are two built-in modes of linear graph analysis, tailored to different assessment 
objectives:

 	• Peak identification: The worksheet displays the graph and automatically detects 
peaks within a predefined region (Fig.  3B). Students correlate the labelled peaks 
with a specific chemical reaction. Here, this supports electrochemical interpretation, 
although the same structure could also reinforce spectroscopic analysis.

 	• Peak integration: Students select a peak and define a baseline region using input 
fields. A “Preview” button allows dynamic adjustments before the worksheet 
performs a background correction and integration. The worksheet guides students 
to use the calculated area to extract analytical information, helping develop the 
analytical skill while receiving step-by-step support.

As with the linear regression example, the worksheet performs the integration and sub-
sequent calculations. It then evaluates student inputs against the correct answers, pro-
viding tailored feedback as needed.

3.6  Grading and assessment

The structured grading system is designed to support formative assessment and encour-
age self-regulated learning. Full marks are awarded for submission of a correct answer at 
the first attempt, with reduced marks for subsequent correct submissions. The grading 
logic follows a structured decision tree:

 	• Correct answer: The worksheet calculates the final mark based on attempt count, 
applying penalties accordingly.

 	• Incorrect answer: The worksheet determines the most relevant feedback based on the 
type or error. The worksheet then adds to a running tally of incorrect to appropriately 
score the eventual correct answer.

Educators can define both the max score and the penalty per incorrect answer in the 
Python code. Student progress throughout the worksheet is tracked with the addition of 
labels that display individual scores (Fig. 4). Submission of a correct answer will disable 

(See figure on previous page.)
Fig. 3  Demonstrations of the graphing functions available within the smart worksheet. A A scatter graph display-
ing a linear trend. Students enter the data, and the worksheet plots the graph and displays a linear trendline. The 
worksheet performs a linear regression analysis, then guides the student through that same analysis. Student 
inputs are compared to calculated answers, then automated assessment and feedback are provided. B A line graph 
for a cyclic voltammogram of copper sulfate. The worksheet searches for peaks in specific regions of the graph and 
numbers them to correspond with further questions. C An alternative question format for a line graph. Students 
calculate the area under a peak on the graph. Students can select a range in their data to choose the peak they 
want to analyse (orange) and the baseline they want to use for background correction (green). These features 
directly address the research aim of evaluating whether an open-source smart worksheet can guide students 
through complex data analysis while providing targeted feedback
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the submit and solve buttons and reveal the awarded score next to the relevant question. 
A final submit button at the end of the worksheet then totals up the final score.

3.7  Data storage

During development, three methods were investigated for recording and reporting stu-
dent scores (i) storing data directly within the code; (ii) saving data as a local text file; or 
(iii) exporting data remotely to GitHub. The choice between these was defined by three 
key parameters: security, submission speed, reloadability (Table 1).

Although storing data within the code is computationally fastest, this is not viable 
due to the loss of data when the worksheet is closed. Exporting to GitHub using the 
PyGithub module [46] offers the greatest security, since all progress is stored separately 
from the student. However, a delay of five seconds between submitting an answer and 
receiving a response would lead to frustration for the student user. It has been demon-
strated that a poor user experience with digital learning tools can increase anxiety [47], 
decrease engagement [48] and negatively impact learning outcomes [49].

Saving student progress to a local text file offers a practical compromise, balancing 
data security with responsiveness. Each submission writes the student score a master 
text file, and the number of incorrect attempts to a secondary file. While students could 
theoretically manipulate these files, this risk can be mitigated by hiding or encrypting 
them using the subprocesses [50] and cryptography [51] modules. In practice, hiding the 
text file has proven sufficient to prevent any student tampering.

4  Student experience
This new open-source smart worksheet design was used to support an introductory elec-
trochemistry experiment for first-year undergraduate students in their second semester. 
These students had limited prior experience with electrochemistry theory or practical 

Fig. 4  A scored section of the open-source smart worksheet. The student first entered in the radius of the elec-
trode they used. This was not scored, but is used for reference in the rest of the worksheet. The student then an-
swered the second question correctly on the second attempt and received a reduced score. They then could not 
answer question 3, so used the “Solve” button to get the correct answer, along with some feedback. Finally, they 
correctly answered the checkbox question on the first attempt for a full mark. This demonstrates the grading logic 
and feedback mechanisms in action, facilitating formative assessment and self-regulated learning

 



Page 10 of 18Perry Discover Education           (2025) 4:385 

techniques within higher education. Prior to the practical session, students accessed the 
laboratory script (available in the supplementary information), which provided an over-
view of theory and the instructions for the practical session. They also watched a brief 
pre-lab video, which introduced the experimental technique, cyclic voltammetry, and its 
applications. Notably, the video did not include a walkthrough of the calculations fea-
tured in the smart worksheet, preserving the worksheet’s role in guiding independent 
analysis.

During the session, students worked in pairs to complete the experimental component 
and then independently used the smart worksheet to complete their analysis and assess-
ment. All students had prior experience with a commercial smart worksheet used in a 
first-semester titration practical, providing a useful point of comparison. Students were 
encouraged to engage with the worksheet’s feedback mechanisms and work through the 
assessment autonomously.

After completing the session, students were given a short paper questionnaire (see 
supplementary information) to evaluate their experience with the practical and the 
smart worksheet. All questions were rated on a 1–10 Likert scale, with 10 indicating the 
most positive response (Fig. 5). Feedback on the practical component was collected but 
not analysed to help students to conceptually separate their experience of the practical 
component versus their experience using the smart worksheet.

The study aimed to determine if an open-source smart worksheet could replicate the 
positive student perceptions of learning environment and outcomes of commercial alter-
natives. Questions for student feedback were chosen to investigate student perceptions 
of positive features that were previously reported for commercial smart worksheets [29–
31]. We interpret the study aim as supported when the majority of students provide a 
strong positive response (Likert score ≥ 7) to relevant questions (Fig. 5A).

Table 1  Evaluation of data storage methods for the smart worksheet

Data storage 

method 

Secure to 

student 

tampering? 

Speed of 

submission / s 

(correct answer) 

Speed of 

submission / s 

(incorrect answer) 

Reloadable? 

Store within 

the code 
0.002 ± 0.001 0.002 ± 0.0004 

Save to text file 0.25 ± 0.01 0.11 ± 0.01 

Export to 

GitHub 
5.18 ± 0.14 2.95 ± 0.13 

Three options compared are storing data within the code, exporting to a text file, or exporting to github. Secure to 
student tampering indicates that a student would not be able to manipulate the score from the smart worksheet. Speed 
of submission is the time delay between pressing submit and the correct score being calculated, as recorded on a Dell 
latitude 5440 laptop (13th gen Intel® core™ i5-1345U 1.6 ghz processor, 16 GB RAM). Values given are the mean average 
of five replicates along with an error of one standard deviation. Reloadable indicates if student progress is retained if the 
worksheet is closed and then reopened. A red cross ( ) indicates the condition is not met, a green tick ( ) means the 
condition is met. A yellow tick ( ) means the condition is met, although there are some caveats that should be considered. 
This evaluation of the trade-offs between speed, security, and reloadability informed the technical design of the open-
source smart worksheet, supporting the broader goal of creating a responsive and user-friendly educational tool
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Student feedback was generally positive. Most students reported that they felt the 
worksheet made their analysis easier and improved their understanding of the topic. 
78% (40/51) of students gave a strong positive response for how useful they found the 
smart worksheet for their analysis, 82% (42/51) of students reported that they found it 

Fig. 5 (See legend on next page.)
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made the analysis easier, and 73% (37/51) indicated they felt it improved their under-
standing of the topic.

These outcomes suggest that the worksheet not only supports technical skill develop-
ment but also reduces cognitive load, a key barrier in practical STEM education [52]. 
Open-ended responses further highlighted appreciation for the rapid grading and feed-
back mechanisms (Fig. 5B). This aligns with positive perceptions that were reported for 
commercial smart worksheets, which further supports the study aim being met.

From a pedagogical perspective, smart worksheets support constructivist learning, 
where students actively build knowledge through interaction with feedback and iterative 
problem-solving [24]. The worksheet’s design encourages self-regulated learning, allow-
ing students to reflect on errors, revise responses, and engage with tailored feedback at 
their own pace [53]. The results from this study are consistent with prior research on 
commercial smart worksheets, which have been shown to enhance engagement, prob-
lem-solving skills, and academic performance in STEM disciplines [29–31]. Importantly, 
students perceive that this open-source worksheet replicates these benefits while offer-
ing greater flexibility and accessibility due to its open-source nature.

Students also had the opportunity to identify features they disliked. Thematic analysis 
revealed that the most common criticism concerned the slow loading speed of the work-
sheet (Fig. 5C). This issue was traced to the packaging of the worksheet as a standalone 
executable file using PyInstaller, which triggered antivirus scans on university-managed 
laptops. These scans are part of institutional IT policies and are not unique to this smart 
worksheet design, but they nonetheless impacted the user experience.

This limitation can be negated by running the software on a virtual machine, which 
removes the requirement for a protective virus scan and allows for immediate launch. 
Another solution could be to run the worksheet directly as a Python code within Ana-
conda or a similar Python package manager, although this would allow students to inter-
act with the code directly, which is undesirable. It may also be possible to mitigate this 
delay by producing a web-hosted version using frameworks such as Flask [54]. However, 
this would require a sizeable rewrite of the Python codebase, whereas running the exe-
cutable file on a virtual machine is a simple and immediate fix.

Another mentioned issue was difficulty scrolling, likely due to touchpad incompat-
ibility requiring use of the scrollbar. These usability concerns highlight areas where 
commercial smart worksheets offer an advantage, since they tend to be hosted within a 
web browser, which students are already comfortable navigating. A single line instruc-
tion to use the scroll bar in place of the track pad can mitigate any student confusion 

(See figure on previous page.)
Fig. 5  Student responses to their experience using the open-source smart worksheet to support an electrochem-
istry practical, n = 51. Panel A shows Likert-scale ratings of the worksheet’s effectiveness in supporting learning 
and feedback. Panels B and C summarise student preferences and criticisms. These data provide evidence for the 
worksheet’s impact on student experience in support of the study’s aim of evaluating its pedagogical value. A 
Responses to fixed questions asking students to rate how the smart worksheet performed in terms of supporting 
learning and providing feedback. Responses were on a 1–10 Likert scale, where 10 indicates the most positive 
responses (strongly agree, very helpful, very useful, etc.). Colour bar is selected so that green indicates a strong 
positive response (7–10), yellow indicates an intermediate response (5–6) and red indicates a poor response (1–4). 
B Student responses to what features they especially liked about the smart worksheet. Checkboxes were provided 
for the “rapid feedback”, “rapid grading”, “organised calculations for me”, “support to the lab script” and “nothing at 
all”, as well as space for a free text response. C Student responses to what features they especially did not like about 
the smart worksheet. These were based on free text responses, so were thematically grouped based on the speed 
of loading, scrolling through the worksheet, use of significant figures in entering answers, quality of feedback 
provided, and the grading provided



Page 13 of 18Perry Discover Education           (2025) 4:385 

on this point. Encouragingly, very few students expressed dissatisfaction with feedback 
and grading. This suggests that the open-source worksheet provides a similarly positive 
learning experience to commercial systems.

Students who participated in this study had been previously asked the same questions 
after using a commercial smart worksheet for a different practical (see supplementary 
information). Direct comparison between the two datasets is limited by differences in 
experimental complexity and student experience. The commercial worksheet had been 
employed to support students through their first experience in the teaching laboratory 
at the beginning of their first undergraduate year, and so student experience and assess-
ment complexity were both significantly lower relative to this electrochemistry session. 
However, an exploratory comparison between datasets shows a relatively small variance 
in median Likert scores (Table 2). Although we do not claim that the open-source work-
sheet directly competes with commercial alternatives, the similarity in student responses 
provides confidence that educators can adopt open-source solutions to achieve a compa-
rable student experience at significantly reduced cost.

4.1  Limitations in the study

It is important to mention that this study is subject to some limitations. The possibil-
ity of desirability bias cannot be ruled out, as students may have provided favourable 
responses due to social or contextual factors. Efforts were made to minimise the impact 
of desirability bias. Students completed the questionnaire individually and anonymously 
to minimise perceived evaluation pressure or alignment with peer norms. Students were 
also not told that the worksheet was created by their instructor to remove any desire to 

Table 2  Likert scale responses to questionnaires asking students to rate their experience using an 
open-source smart worksheet and a commercial smart worksheet

Open-source 
smart work-
sheet (n = 51)

Commercial 
smart work-
sheet (n = 49)

Question Median Inter-
quar-
tile 
range

Median Inter-
quar-
tile 
range

How user friendly did you find the smart worksheet? 7 3 8 2
How useful did you find the smart worksheet in conducting your 
analysis?

8 2 8 3

How helpful did you find the feedback provided by the smart 
worksheet?

7 2.5 7 2

How fair did you find the scoring of the smart worksheet? 8 3 7 3
How appropriate did you think the smart worksheet is for assessing this 
practical?

9 3 8 2

Did using the smart worksheet with the experiment improve your 
understanding of the topic?

8 3 8 4

Was the analysis easier or more difficult with the smart worksheet com-
pared to how you would normally carry out your analysis?

8 3 8 3

Would you like to see more or fewer smart worksheets in the teaching 
labs?

More More

Questionnaires for both worksheets were shared to 55 first year undergraduate students. The open-source worksheet was 
shared along with a complex electrochemistry practical to students in the second semester of their first undergraduate 
year. The commercial smart worksheet was used to support a simple Titration experiment as students first experience in an 
undergraduate teaching laboratory, in the first semester of their first year. No formal statistical comparison has been done 
due to significant difference in student experience and assessment complexity between the two worksheets. The number 
of responses to the questionnaire (n) is given for separately for each worksheet



Page 14 of 18Perry Discover Education           (2025) 4:385 

please the instructor in their responses. Despite best efforts, the possibility of desirabil-
ity bias cannot be ruled out and should be considered when interpreted the results.

Additionally, all findings are based on self-reported data collected through Likert-scale 
ratings and open-ended questionnaire responses. While these data provide valuable 
insights into student perceptions, they do not offer objective evidence of learning gains. 
As such, claims regarding improved understanding or analytical ability should be inter-
preted as perceived outcomes rather than measured achievement. Educators looking to 
incorporate an open-source smart worksheet into their own teaching may wish to con-
sider incorporating objective performance metrics, such as pre/post testing or compari-
son with control groups, to more rigorously evaluate the impact of open-source smart 
worksheets on their students’ learning. This is planned for future developments of the 
open-source worksheet design.

4.2  Further scope

While this study focuses on the use of an open-source smart worksheet to support STEM 
learning, its potential extends far beyond these fields. Any subject involving structured 
question-answer formats, data analysis or conceptual feedback could benefit from the 
smart worksheet model. Moreover, any analytical task that can be conducted in Python 
can be adapted for assessment using this open-source smart worksheet structure.

Smart worksheets can break large-scale calculations into more manageable steps, 
coupling with targeted feedback to provide a scaffolded environment for self-directed 
learning. This gives these worksheets a broad reach, such as supporting epidemiology 
students through disease spread modelling, environmental science students through 
population ecology or psychology students through cognitive text analysis.

The variety of answer formats (e.g. free text, numerical input, checkboxes) make this 
open-source smart worksheet adaptable to support learning outside of STEM fields. 
Free text entry could be used in language courses to provide feedback on grammar 
and syntax. Numerical entry could be used in history courses to define chronology of 
events. Checkboxes could be applied to literature courses to identify poetic devices or 
narrative structures. Graphing tools could be used to support business and economics 
assignments through profit/loss or supply/demand datasets. These features demonstrate 
that this open-source smart worksheet is not limited to STEM education but can serve 
as a flexible, cross-disciplinary tool for enhancing student engagement, feedback, and 
assessment.

5  Future developments in automated feedback and assessment
As digital learning environments continue to evolve, the integration of automated 
assessment and feedback systems is well-placed to play a growing role in education. 
Smart worksheets exemplify how emerging technologies can support scalable, person-
alised learning experiences. These tools offer real-time feedback, adaptive assessment, 
and dynamic content delivery, aligning with broader pedagogical goals of inclusivity, 
engagement, and self-regulated learning.

Open-source software options are particularly desirable. By removing licensing bar-
riers and enabling customisation, open-source tools promote equitable access to 
high-quality educational resources. This directly supports United Nations Sustainable 
Development Goal 4, which aims to ensure inclusive and equitable quality education 
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[55]. In under-resourced institutions or regions, open-source smart worksheets offer a 
cost-effective alternative to proprietary platforms, empowering educators to tailor con-
tent to local curricula and learner needs.

Looking ahead, the integration of artificial intelligence (AI) with smart worksheet 
technologies presents exciting opportunities. In the design phase, educators can engage 
with AI to aide in question content and assessment design [56]. AI also has the potential 
to enhance the functionality of the worksheet itself. AI-enhanced automated feedback 
could analyse the student responses to identify patterns of misunderstanding, generate 
personalised hints, and adapt question difficulty in real time [57]. This feedback could 
also support students in prompt design itself, a skill increasingly relevant in AI-assisted 
learning environments [58]. Educators could also use a custom built large language 
model (LLM) trained on carefully selected course materials to generate feedback, ensur-
ing that responses are accurate and course relevant [59].

Smart worksheets also have the capacity to act as a bridge between traditional assess-
ment and AI-enhanced learning. Their structured format and modular design make 
them ideal platforms for embedding AI agents that provide context-aware support, sim-
ulate peer collaboration, or offer multilingual feedback. This hybrid approach supports 
diverse educational contexts, from STEM laboratories to humanities classrooms, and 
fosters a more inclusive and responsive digital pedagogy.

The future of automated assessment lies in the convergence of open-source innova-
tion, AI integration, and pedagogical adaptability. Tools like this open-source worksheet 
demonstrate how educators can harness these technologies to create accessible, engag-
ing, and future-ready learning environments. As institutions seek to adapt to the chang-
ing landscape of education, embracing open-source and AI-enhanced solutions will be 
key to delivering meaningful, equitable, and scalable learning experiences.

6  Conclusions
This study highlights the versatility of a new open-source smart worksheet designed to 
support active learning and formative assessment. Built using Python, its design offers 
a user-friendly interface, real-time feedback, dynamic content updates, and a range of 
customisable features that collectively enhance its value as an educational tool. By inte-
grating features such as rapid grading, targeted feedback, error detection, and graphical 
analysis, the worksheet is well-suited to support students through complex scientific cal-
culations and data interpretation. The ability to provide tailored, step-by-step feedback 
based on student inputs ensures that common misconceptions are addressed promptly, 
fostering deeper understanding and promoting self-regulated learning.

Student feedback from the study indicates a high level of satisfaction, with the majority 
of students reporting improved understanding and a streamlined analysis process. Spe-
cifically, 82% (42/51) of students agreed that they found the smart worksheet made the 
analysis easier, while 73% (37/51) reported that they felt using the worksheet improved 
their understanding of the topic. These results reflect strong positive responses and align 
with prior findings on the effectiveness of smart worksheets in promoting conceptual 
clarity and analytical confidence. This supports the viability of an open-source smart 
worksheet as a cost-effective solution for educational institutions seeking to enhance 
digital learning without incurring licensing fees.
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Importantly, the flexibility of the Python architecture allows for straightforward adap-
tation for use in a variety of academic disciplines. The core features of question-answer 
formats, dynamic feedback, data handling, and graphical analysis, can be applied to 
any subject requiring analytical thinking or conceptual reinforcement. Its open-source 
nature offers customization, scalability, and widespread access, without the constraints 
of proprietary systems. These features support formative assessment, self-directed learn-
ing, and inclusive pedagogy, making this open-source smart worksheet design suitable 
for diverse educational contexts. Moreover, by automating grading and feedback, the 
smart worksheet reduces the administrative burden on educators, enabling more time 
for student interaction and instructional design.

This work finds that students perceive the open-source smart worksheet as provid-
ing a similarly beneficial learning experience as a commercial equivalent. In this way, 
this open-source smart worksheet has the potential to become a valuable educational 
tool to support learning, provide real-time feedback, foster engagement and reduce staff 
workload.
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