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Abstract. Formative assessment is an important element for supporting any 
learning process, with the provision of feedback being one of its most effective 

strategies. However, despite the extensive body of research on feedback and its 
importance to learning, its effectiveness and usefulness, and thus its expected 
effect, are not always guaranteed. This, in part, can be attributed to issues 

concerning how students make sense of and act upon feedback and the gap 
between how students receive and perceive feedback and how teachers structure 

and provide it. After the introduction of a newly developed feedback intervention 
aimed at improving the learning experience and, consequently, performance 
outcomes, it is now time to determine the next steps. This requires insight into and 

understanding of the usefulness and effectiveness of the recently introduced 
educational intervention, and this insight should be based on empirical evidence. 
This paper reports on the first part of an empirical study organized as a two-part 

project aimed at determining to what extent the new feedback intervention has had 
a positive impact on the learning experience and outcomes. The study also aims to 

determine the effect sizes and their relationships, along with the impact of the 
feedback characteristics on the goals in relation to the complex task of creating 
robust and best practice-compliant CAD models. 
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1 INTRODUCTION 

The potential of feedback for improving performance and enhancing learning outcomes is widely 
acknowledged in most fields and disciplines. In particular, feedback within formative assessment is 

considered by many experts to be a crucial element of appraisal and evaluation in the learning 
process. However, due to the complexity of the learning processes and several variables that 
moderate the effectiveness of feedback and its means of implementation, understanding the 

workings of and deriving generalizations based on empirical evidence from this powerful 
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educational intervention still poses a challenge. This is even more so if one takes into account the 
recent trend of progressively expanding the use of computer-based learning environments and 

blended course learning. In such cases, feedback provision is increasingly autonomous and it is 
invoked as well as driven by the interaction of students with a computerized learning environment. 

During the restructuring of a CAD course for mechanical engineering (MCAD), after a promising 
pilot run, an interactive feedback intervention was introduced, together with other educational 
measures, through a computer-based agent in the form of a software tool. To obtain a better 

insight into the effect of this feedback intervention and how it was received, rated, and actually 
used by students, a two-part study was conducted analyzing empirical data relating to the 
viewpoints of students and the teacher. In this paper results and findings pertaining to this study 

are presented and discussed. 

2 BACKGROUND, SCOPE, AND OBJECTIVES 

2.1 Background and Related Work 

Formative assessment is an important element for supporting any learning process, with the 
provision of feedback being one of its most effective strategies. Depending on the form and 

approach to feedback provision, feedback can be classified into various types.  Focusing on the 
point in time of the provision, feedback can be provided while work is still in progress, which is 
referred to as forward-looking. On the other hand, feedback can be provided in regard to some 

final outcome a student has produced, which is usually referred to as backward-looking. This 
classification relates to the three basic aims of effective feedback: guiding students through 

indicating what the learning goals are, determining what progress has been achieved toward those 
goals, and deciding what action is required to further progress (see also discussions on feed up, 
feedback, and feed-forward in [33]). Notice that this three-aims structure of feedback also 

corresponds to and aligns to some extent with the three-processes structure relating to formative 
assessment identified and discussed in [8]. Further approaches to the classification of feedback 
that are often found in the literature are based on the information/knowledge structure and the 

response/revision structure of feedback. In the case of the former, general types of feedback are 
identified as corrective feedback, referred to as knowledge of response and knowledge of the 
correct response, and elaborative feedback or high-information feedback (cf. [17,65]). As was 
discussed in [3,17,31,63], corrective feedback is somewhat limited as it has only a corrective 
function. However, elaborative feedback and high-information feedback are able to go beyond the 

limits of corrective functions, as they also contain information relating to the task, process, and 
level of self-regulation (see discussions in [3,63,65]). Thus, they are more effective for higher-

order learning and skill development. Another feedback classification can be found in [41]. Here, 
corrective feedback relates to how well a student’s outcome and performance align with an 
assignment. Feedback that prompts deeper thought and challenges the student to delve deeper 

into particular ideas is referred to as epistemic feedback. Another type, referred to as suggestive 
feedback, provides both advice on how to improve and ideas for possible expansions. The 
combination of epistemic and suggestive feedback not only prompts students to offer further 

clarification but also provides specific suggestions. Note that these types of feedback are not 
mutually exclusive, as elements of various types are most likely contained in the actual feedback 

interventions, depending on the assignments and learning goals.  

Another important factor to be considered is the level at which feedback works.  According to 
the feedback model described in [31], feedback can work at four levels, namely the task level, the 

process level, the self-regulation level, and the self-level. The last of these, pertaining as it does to 
personal evaluations, is somewhat questionable, as it has only a minimal effect, and it can even 
affect learning negatively (cf. [31,39]). As feedback is effective only when it can be processed by 

the learner to facilitate improvements in development, it requires information on the gap between 
current and reference performance. At this stage, therefore, information at the task and process 
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levels is the most vital, while information pertaining to the self-regulation level can be considered 
supportive to a varying degree, depending on the nature of the learning environment and context. 

For feedback to be effective and successful as an educational intervention, it needs to meet 
certain requirements, which can be expressed through the following characteristics. Firstly, to 

avoid overwhelming students, any feedback should be targeted and concise to help in directing 
attention to the core areas where progress needs to be made. Secondly, to align feedback with the 
goals of assignments and exercises, it should be focused. This helps to prioritize not only the main 

areas of importance but also the efforts required. In this regard, work described, for example, in 
[18,21,42] showed that another factor in providing concise and focused feedback is the degree of 
personalization. Personalized feedback helps students to stay motivated, supports self-regulation, 

and is unanimously favored over more general feedback in many learning situations. Thirdly, to 
adequately guide students in their efforts to revise and develop their knowledge and skills, 

feedback should be action-oriented and should point to specific areas during the learning process. 
Fourthly, to maximize the effect and usefulness of feedback, it should be timely and frequent, and 
it should allow students to engage with it (see also discussions on feedback frequency and 

multiple-try feedback in [52,60]). That is to say that the students must understand it, translate it 
into action toward improvement, and connect it with prior knowledge so that they can learn from it 
(cf. [48]). In respect to feedback engagement, a study reported in [20] showed that under a 

feedback provision where students owned the decision on whether or not to receive feedback, the 
commitment to and use of feedback was much higher. 

Those feedback characteristics outlined above correspond closely to the four important 
conditions for useful and effective feedback as identified and put forward in [33,61], which can be 
summarized as follows. First, the student must be in a situation where feedback is needed. 

Second, the feedback must be provided in a timely manner. Third, the student must actually be 
willing and able to receive and use the feedback.  Here the feedback is assumed to be appropriate 
to the learning and exercise task and to the student’s disposition and needs. Fourth, the feedback 

should be related to the task itself rather than directed at the student (see also related discussions 
in [6,33,55]). 

Despite the extensive body of research on feedback and its importance to learning, its 
effectiveness and usefulness, and thus its expected effect, are not always guaranteed. This, in 
part, can be attributed to issues concerning how students make sense of and act upon feedback 

(see also [19,54]) and the gap between how students receive and perceive feedback and how 
teachers structure and provide it (cf. [13,47]). Even in cases where the feedback meets most of 

the criteria outlined earlier, its actual effect still depends on how students recognize and 
understand it, and eventually use it (cf. [14]). In this regard, research on assessment literacy, 
meaning the ability to understand and properly use feedback, as reported in [22,58], and studies 

on empowering students to recognize feedback (see also discussions in [9,56,57]) are valuable 
contributions. These studies support the suggestion that a shift is required from the view that 
teachers should control feedback exclusively towards the idea of an assessment and feedback 

process that engages students more meaningfully while also helping in the development of student 
self-assessment and self-regulation. 

Within the context of MCAD education, one of the recent trends outlined above is feedback 
intervention based on computerized approaches such as software tool agents oriented toward the 
automation of CAD model grading. However, as these computerized approaches are still in their 

infancy, the type and complexity of CAD models that can be analyzed, and the quality of the 
feedback that is generated, are still quite limited. Moreover, the concept that students should be 
able to use the same software tools as those which teachers use to grade CAD models produces 

further difficulties. Not only is there a limited feedback structure, but also, from the methodological 
and conceptual approach, grading, as traditionally practiced within the educational context, 

provides feedback that is based on a final result (see also backward-looking feedback discussed 
elsewhere in this paper), and thus it always contains one assessment criterion that is related to 
the completeness of a solution. Being structured in this manner, it cannot be a direct part of the 
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process and learning experience during the performance itself, that is the design, creation, and 
alteration of a CAD model. Examples of recent approaches for technical drawings and 2D CAD files 

can be found in [12,35]. Results and examples of recent approaches for 3D CAD models and 
related empirical studies are reported in [4,29,38]. An interesting approach to providing visual 

feedback for automated CAD model grading using heat maps is reported in [37]. Further 
discussions on the subject of automated CAD model grading, including a summary of the literature 
and pointers to gaps in research, can be found in [26].  

2.2 Scope and Objectives 

As research and countless studies on the effectiveness and usefulness of feedback interventions 
have demonstrated, educational intervention is complex, and does not always guarantee the 

pedagogical success expected, but in many cases – when following all the guidelines and best 
practices on how to structure and provide it – it stands a fair chance of having a significant 

positive effect on learning and performance outcomes. With the increasing popularity of online 
course provision and e-learning environments in higher education, the implementation and 
provision of feedback based on software tools and digital systems is rapidly gaining traction. With 

those computer-based approaches, personalized and immediate feedback can be provided at levels 
that are not feasible through human-based agents in traditional educational settings. This is 
especially the case for introductory CAD courses, where the number of students tends to be quite 

high as those courses increasingly move into the curriculum of basic undergraduate education in 
various disciplines. Although structuring and providing feedback appropriately in a computer-based 

environment poses considerable challenges, there is also great potential to address most of the 
issues relating to how to achieve effective and useful feedback. If the matter is approached 
adequately, the students should first have a choice whether or not to receive feedback. If they 

choose to receive feedback, it can be provided immediately and on-demand through interactive 
communication between human users and computers, allowing it to be timely and multiple-try in 
nature. The feedback can also be tailored to individual needs and is thus highly personalized and 

task/process specific.  

As outlined earlier, most software tools supporting automated grading and assessment of CAD 

models that are currently provided to students in CAD courses at institutions of higher education 
are limited by their metrics and by their assessment approach. In particular, the metrics they use 
are of a rather static and exclusive nature, relying heavily on the final outcome (see again 

backward-looking feedback, as discussed elsewhere in this paper). That is to say that they rely 
upon the completed CAD model, which then has its data structure compared to that of a fixed 

reference solution. Such approaches are not structured suitably to assess CAD model quality in 
regard to robustness and alterability due to their static and exclusive nature, which usually leads 
them to discount CAD model re-creation processes and their impact after alteration. They are also 

not sufficiently structured to explicitly support formative self-assessments carried out by students 
during individual steps of the modeling process as part of their exercise work. This problem arises 
because the software tools used are unable to assess partially created CAD models since they 

appear to be incomplete according to the metrics and rubrics provided in relation to the exercise 
specification and the fixed reference solution associated with it. This, in turn, prevents them from 

providing any forward-looking feedback, which is essential to support the learning process while 
moving forward and indicating what progress is being made toward the goal.  

The newly developed feedback intervention includes, among several other measures, a metric 

of dormant deficiencies, which is a dynamic and more inclusive measure that takes into account 
the impact that alteration and the CAD model regeneration process have on the original modeling 
process and its outcome. It is, therefore, a more process-oriented and simulation-based 

assessment approach, and so those limits outlined above can be overcome in a straightforward 
manner, as described in detail in [45,51]. Additionally, implementation and provision of the 

feedback intervention have been oriented as closely as possible on what is known from research 
on effective and useful feedback. Now that the newly developed feedback has been administered 
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within a restructured MCAD course (cf. [44]), the time has come to look into the empirical data to 
gain insight into whether this educational intervention was actually successful and to what extent it 

has a positive effect on student learning and outcomes. These, among other reasons, led the 
authors to initiate an empirical study organized as a two-part project. The objective of the first 

part is to determine to what extent the feedback intervention has had a positive impact on the 
learning experience and outcomes. If the intervention has, in fact, had such an impact, the study 
also aims to determine the effect sizes and their relationships, along with the impact of the 

feedback characteristics on the goals in relation to the complex task of creating robust and best 
practice-compliant CAD models. The objective of the second part of the two-part project is to shed 
more light on the effect and appropriateness of the feedback intervention from the student 

perspective. This is approached through an empirical study based on questionnaires and surveys, 
through which students can voice their thoughts and opinions, critique the restructured MCAD 

course, and, in particular, give their opinions regarding the learning experience and the recently 
introduced feedback intervention. The aim of the present paper is to present empirical data, 
results, and insight gained through the first part of the two-part project. Accordingly, the paper is 

structured as follows. First, in section 3, a brief overview is provided on the developmental 
approach to and the operationalization of the newly developed feedback intervention for MCAD 
education. Next, in section 4, details of the empirical study are presented in regard to the central 

research questions, the research design and method, the results of the CAD model analysis, and 
the effect size computations. This is followed by a discussion and a summary of the results and 

insights obtained so far through this study. Finally, in section 5, some conclusions are drawn and 
an outlook is given on research planned for the near future. 

3 INTERACTIVE ELABORATIVE FEEDBACK INTERVENTION 

3.1 Approach and Concepts 

Efforts were made to reduce the gap between actual student learning as achieved and learning 
goals as pre-assigned within the CAD course, which is currently a part of the curriculum for the 

Laurea degree in mechanical engineering at the institution represented by the authors. These 
efforts resulted in a systematic approach being adopted in order to enhance the learning 

experience, in particular during exercise performance related to CAD laboratory and course 
assignments. This approach is structured according to the elements of learning and user 
experience design (cf. [11,27,64]). This requires, among other measures, more frequent formative 

feedback (see also discussions in [31,36]), which has led to the re-design of the learning 
experience for CAD modeling exercises, and that, in turn, has required the development of a novel 

CAD model assessment metric that can also be used as a key metric to evaluate core student 
behavior. These requirements have been addressed through a feedback intervention based on a 
software tool-driven feedback agent that has been designed specifically for the needs of students. 

At this point, we should recall the main objective of the learning experience subject to design 
and development, which is to create best practice-compliant parametric feature-based CAD models 
that are robust and alterable. In support of the latter, a novel key metric, in the form of so-called 

dormant deficiencies, has been formulated and developed. This key metric has been designed not 
only to represent a measure of success, but also as a supporting concept to aid learning and to 

assist in understanding the central ideas and domain concepts of CAD model alterability and 
associativity. This key metric is also a central part of the feedback intervention to provide 
information for forward-looking feedback and to indicate what progress is being made toward the 

learning goal. Dormant deficiencies can be conceptualized as errors in associativity, which were 
introduced during the modeling process by making mistakes in the specification of dependencies 
between geometric entities and features. However, the effect and impact of these mistakes on the 

CAD model remain dormant until an actual CAD model regeneration is triggered and executed 
through an alteration. In this context, the outcome in regard to deficiencies is related to which of 

three different error situations occurs. Accordingly, dormant deficiencies are classified as type I, 

http://www.cad-journal.net/


 

 

Computer-Aided Design & Applications, 21(5), 2024, 739-758 

© 2024 U-turn Press LLC, http://www.cad-journal.net 
 

744 

type II, or type III. A type I dormant deficiency leads to deficiencies in features. The regenerated 
CAD model contains features which are labeled with a warning or failed status. This will result in a 

shape that is incomplete and / or incoherent. More details on the classification and theoretical 
foundation of dormant deficiencies, together with application examples, are reported in [44,51]. 

Note that for the empirical study reported in this paper, only type I dormant deficiency is 
considered. The nature and category of dependencies between geometric entities and features are 
determined, among other characteristics, by their range in regard to features and the class of 

features with which they are associated, that is, profile-based features or non-profile-based 
features. This results in intra-feature dependencies or inter-feature dependencies. Here, the 
former represents dependencies between geometric entities within one and the same feature, 

while the latter refers to dependencies between geometric entities of more than one feature. Note 
that, in the case of profile-based features, deficiencies within intra-feature dependency are most 

likely to be introduced during profile creation when associativity is created between the 2D 
geometric entities of the profile. In cases where the profile is comprised of a basic non-complex 
outline, the CAD system usually creates rudimentary geometric constraints automatically. 

However, in the case of complex profiles, the user is required to explicitly define all the constraints 
required. 

3.2 Structure and Operationalization 

Besides acquiring an understanding of and know-how related to the criteria associated with 
guidelines and best practice compliance, students also need to be able to recognize critical 

situations during modeling that might result in dormant deficiencies and need to know what not to 
do in order to avoid introducing dormant deficiencies into the CAD model. They also need to know 
how to properly define profiles and sketches, along with their related dimensions, in a manner 

consistent with the design intent and functionality of the part subject to modeling in the CAD 
environment. Related to all this are the necessary knowledge, skills, and resources required to 
enable and support those core behaviors. These include, for example, defining effective 

associations, which is a skill built upon the knowledge of what makes certain dependencies and 
constraints effective and which ones are most likely to result in dormant deficiencies and, thus, are 

better avoided. Knowing how to accurately create associativity is a knowledge-based task requiring 
a certain amount of practice. Here, within the context outlined earlier, students need to experience 
what it means and look like to actually be able to create an alterable feature-based CAD model. 

This requires resources that allow students to systematically engage in self-assessment regarding 
the quality of the outcomes achieved during exercises, that is, the CAD models created and the 

understanding and skills developed and improved. This requires some assistance. Supported 
through the feedback intervention and the software tool, as well as the integrated CAD modeling 
environment, students can experience some phenomena that bring important concepts to life, and 

they are provided with a means to help assess their CAD models in regard to the key metric. 

Requirements that were identified and taken into account for the design of supporting 
resources and the provision of feedback are as follows. First, one central requirement is to provide 

an experience that brings some phenomena of important domain concepts to life. Within the given 
context, this relates to the concepts of robustness and alterability of parametric feature-based CAD 

models and, consequently, to the concept of dormant deficiencies. Students need to experience 
first-hand during practical exercise work what it means to make mistakes during the creation of 
dependencies and thus introduce dormant deficiencies, resulting in CAD models that are neither 

robust nor alterable. They also need to see with their own eyes how those dormant deficiencies 
that they introduced during the modeling process can impact the CAD model they created in 
downstream processes and model reuse, requiring redesign, alteration, and CAD model re-

creation. Of particular interest here are the structural and visual phenomena related to invalid 
features and invalid geometry that are produced by the CAD system during the regeneration of the 

CAD model after a parameter, such as a dimension value in a profile or feature, has been altered 
and has thus activated dormant deficiencies. Second, another central requirement is to provide a 
means for supporting CAD model assessment and elaborative feedback in regard to the key metric 
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and all the criteria associated with the guidelines and best practices. Students should be able to 
run automated tests under various assessment scenarios to see if their models contain dormant 

deficiencies or not and to what extent their models are compliant with best practices. Those 
scenarios should allow for including / excluding fully constrained profiles and finite feature 

extrusion dimensions. Students should also be allowed to partially control feedback provision by 
setting breakpoints during the automated assessment process, so that they can investigate and 
study feedback and interim test results, stepwise and in detail. Third, because the feedback 

intervention is aimed at supporting formative self-directed assessment during exercise-based 
learning experiences, it is also important that CAD model assessment and feedback provision can 
be executed at any stage during the modeling / remodeling process. This is in stark contrast to 

automated grading tools generally used by teachers that can be applied only to final outcomes – 
thus permitting backward-looking feedback only. That is to say that such grading tools can be 

applied only to finished CAD models, to support a kind of summative assessment. Fourth, 
interactive elaborative feedback needs to be able to provide students with information and 
assistance in locating and analyzing mistakes committed earlier during the creation of 

dependencies. This is important to support reflection on, as well as learning from, errors. These 
are two important elements in the development of skills and expertise in regard to both knowing 
what not to do in certain situations in order to avoid mistakes and knowing what to do instead (see 

also [43,46,50] and discussions on the so-called error generation effect in [40]). 

4 EMPIRICAL STUDY 

4.1 Overview and Research Questions 

The basic goal and purpose of any learning experience are to acquire the skills, knowledge, and 
competency to change and improve an existing behavior or to create a new one. Those changes in 

behavior should have measurable impacts that relate to key metrics indicating success in achieving 
the desired learning outcome. Here, feedback intervention is one of the most powerful educational 
interventions, though there is a remarkable variability in its effects. The objective of the first part 

of this two-part study was to determine and better understand the effects of the newly introduced 
feedback intervention on student learning and performance from the teacher's perspective. In 

particular, the study presented in this paper addressed the following research questions: 

 

RQ1: To what degree does feedback intervention in the form of a student software tool impact the 

learning experience as well as the outcome, and what are the feedback effects on student 
achievements in the context of creating robust and best practice compliant parametric feature-

based CAD models?  

 

RQ2: To what extent do the effects and characteristics of feedback pertain to goals related to CAD 

model creation, task complexity, and student performance challenges? 
 

4.2 Research Design and Method 

To avoid inefficiency through conducting an overpowered study that would require unnecessary 
expenditure of resources, particularly in the case of individual analysis of hundreds of feature-

based CAD models to obtain the data required for the study, a power analysis was included to 
optimize the research design of the study. This was also meant as a precaution to avoid designing 

an underpowered study in which results were likely to be wrongly interpreted as evidence of the 
ineffectiveness of the feedback intervention, thus misleading further research. 

A prior power analysis to estimate the required sample size N contingent upon effect size 

estimate, alpha significance α, and the desired power level of the test – referring to the type II 
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error rate beta and defined through (1-β) – was conducted as follows. First, a lower-limit estimate 
for the effect size had to be determined. Here, in general, the effect size estimate needs to be of a 

value which, for any educational method or technology, can be taken seriously (see also 
discussions in [32]). It also needs to be well-placed within the effect size range argued to be 

relevant for any feedback intervention. From meta-analytically derived estimates (cf. 
[31,32,63,65]) it was determined that this study on interactive elaborative feedback in MCAD 
education should be capable of detecting at least a real effect that is about 0.45. Next, following 

the guidelines in the literature set forth initially by Cohen’s 4:1 weighting of beta-to-alpha risk 
(cf.[16]) – which has become an informal standard as a good default that will be acceptable in 

many settings – and delimiting alpha significance to α = 0.05, values were set for beta levels at 

0.20 and for power at 0.80. Finally, an estimate for the sample size N was determined using these 
study power parameters and tabulated values for minimum sample sizes for different effect sizes 

and power levels, as provided in [23]. Sample sizes of suitable matches with the study power 
parameter settings outlined above were in the range of 160 to 170, allowing for the detection of 
actual effects as small as 0.446 to 0.432.  

The study was conducted through a quasi-experimental research design with two sets (control 
/ experimental) of student-created CAD models. The control set consisted of CAD models that had 

been submitted by students before the feedback intervention was introduced. The experimental 
set consisted of CAD models that were submitted by students after introduction of the feedback 
intervention. All CAD models used in the study were created as part of concrete exercise 

assignments and CAD laboratory activities, which are components of an actual CAD course for 
mechanical engineering at the institution where the authors operate. After initial model validity 
and data integrity checks and statistical power analysis, a total of N = 166 (control n = 74 / 

experimental n = 92) student-created CAD models were deployed in the study. All CAD models 
that were deployed in the study were individually analyzed and assessed by the authors. Results 

obtained were then cross-checked to verify the accuracy, correctness, and integrity of the analysis 
and its outcome. 

As the study is aimed at examining the nature and effectiveness of an educational feedback 

intervention, the outcome measure is categorized through two dichotomous variables with data 
organized in a four-fold table, which can be structured as a 2 x 2 matrix and denoted by A with A 

= (aij)1≤i,j≤2. This indicates the proportions of CAD models observed with a certain property before 
and after the feedback intervention falling in the row i and column j, represented as raw frequency 
values of each respective entry of the matrix A denoted by aij. Here the most appropriate measure 

of effect size is the odds ratio or a transformation such as the natural logarithm of the odds ratio, 
denoted by OR and ln(OR), respectively. The logarithms of the odds and the odds ratio are also 
referred to in the literature as the logit, and the log odds ratio, and logistic difference (cf. 

[5,10,25]). The odds ratio can be calculated as a cross-product ratio in the form of OR = 
(a11a22)/(a12a21). Some of the key benefits of this effect measure for dichotomous data are that it 

is not affected by unequal sample sizes and that it is compatible with logistic regression and 
loglinear models. In addition, it is invariant when rows / columns are multiplied by a constant µ 
such that (µA)i,j = µAi,j and changed so that the rows become columns and vice versa, that is (AT)i,j 

= Aj,i. If the order of the rows or columns is reversed, the odds ratio is reversed, resulting in the 
reciprocal of the OR. Usually, odds ratios close to 1.0 represent a very small effect size due to 
ln(1) = 0, which is interpreted as no effect. In the literature several methods can be found for 

calculating an approximate 95% confidence interval for the log odds ratio. For the study presented 
in this paper the Wald method (cf. [1]) has been used, because it provides an approximation to 

the 95% confidence interval that is considered reasonably accurate and sufficient for the research 
methodology and sample size used (see also discussions in [25,62]). This method is based on 
calculation of the standard error denoted by SE of the logistic difference, that is, SE(ln(OR)) = 

(1/a11 + 1/a12 + 1/a21 + 1/a22)1/2. From this, lower and upper bounds for a 95% confidence 
interval denoted by CIL and CIU can be calculated as CIL = ln(OR) - z95%SE(ln(OR)) and CIU = 
ln(OR) + z95%SE(ln(OR)). Here for a 95% confidence level the critical value of the z-statistic is z95% 

= 1.96. As the log-scale is quite unintuitive, the 95% confidence interval of the odds ratio denoted 
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by CI is then presented by taking the anti-log, that is, CI = [eCIL,eCIU]  (cf. [1,34]). However, this 
confidence interval of the odds ratio is not symmetric about the point estimate OR as it is in the 

case of the logistic difference. This is due to the odds ratio being skewed to the right as it can be 
only a non-negative number.  

4.3 Analysis and Results 

4.3.1 CAD model analysis and performance outcome 

Analysis and assessment of the feature-based CAD models created by students throughout a series 

of design and modeling exercises revealed a considerable improvement in the quality of those CAD 
models created by students who had been provided with an improved learning experience using 
software tool-based interactive feedback. Under this feedback intervention, the proportion of CAD 

models that contained features with warning/failure status was reduced from 13.51% to 5.43%. 
The proportion of CAD models that contained un-renamed features was reduced from 78.38% to 

57.61%. However, the greatest improvement found during the analysis was in the proportion of 
CAD models that contained under-constrained features. Here the proportion was reduced from 
21.62% to 5.43%, which represents a factor of about 4. 

 

 
 

Figure 1: Graphical representation of proportions of CAD model deficiencies (before / after 

feedback intervention) in each of the main categories that are linked to assessment criteria and 
associated effect sizes. 

 

Further improvements were found in regard to dormant deficiency, which considerably impacts 
CAD model alterability, and thus model robustness. Here the proportion of CAD models that 

contained type I dormant deficiencies was reduced from 71.62% to 48.91%. Figure 1 shows a 
graphical summary of the proportions of CAD model deficiencies which fall into each of the main 
categories that are linked to assessment criteria and associated effect sizes, as discussed 

throughout the CAD model analysis and assessment presented in this paper. 
 

4.3.2 Feedback effects on compliance with best practices 

Based on the results of the CAD model analysis presented above, statistical significance and effect 
sizes for feedback intervention in each aspect of CAD model quality improvement – and thus 

improvement of the skills and competency required to create those more robust and best practice 
compliant models – were as follows.  

In the case of CAD models that were not compliant with any criterion of the guidelines and 

best practices, that is, models that contained un-renamed and under-constrained features with 
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warning / failure status (A1), the calculated individual odds yielded an odds ratio OR = 2.883 and 
an approximate 95% confidence interval CI = [1.410,5.897] with the approximate standard error 

of the log odds ratio SE(ln(OR)) = 0.3651. Thus, the overall odds that a CAD model would contain 
a deficiency as outlined were almost 2.9 times as high for a CAD model that had been created by a 

student without feedback intervention as for a CAD model that had been created by a student with 
feedback intervention. As the confidence interval does not include an odds ratio of 1, the result is 
statistically significant at the 5% level. This outcome is further confirmed through the chi-square 

test (df = 1, χ2 = 8.7409, p = 3.111e-3), which also yields a statistically significant relationship at 

the 5% level between the presence or absence of deficient features and CAD models that were 

created without feedback intervention and those that were created with feedback intervention 
made available to students.  

In the case of CAD models that contained features with warning/failure status (A2), the 

calculated individual odds yielded an odds ratio OR = 2.719 and an approximate 95% confidence 
interval CI = [0.886,8.341] with the approximate standard error of the log odds ratio SE(ln(OR)) = 
0.5719. Thus, the overall odds that a CAD model would contain a deficiency that was related to a 

feature with warning/failure status were a little above 2.7 times as high for a CAD model that had 
been created by a student without feedback intervention as for a CAD model that had been created 

by a student who had been provided with feedback intervention. Notice that the confidence 
interval of the odds ratio as reported above contains an odds ratio of 1, thus indicating that there 
was no statistically significant difference at the 5% level in the odds that a CAD model created by 

a student without feedback intervention would contain a feature with warning/failure status and 
that a CAD model created by a student who had been provided with feedback intervention would 
contain a feature with such status. However, the calculation of a more traditional measure, the 

chi-square statistic, indicates (df = 1, χ2 = 3.2565, p = 7.114e-2) that the results were not too 

distant from a statistically significant relationship at the 5% level. Therefore, we should not 

dismiss the practical significance of the feedback intervention and its effect size too quickly based 
on a single result obtained from a statistical viewpoint. 

In the case of CAD models that contained un-renamed features (A3), the calculated individual 

odds yielded an odds ratio OR = 2.668 and an approximate 95% confidence interval CI = 
[1.337,5.323] with the approximate standard error of the log odds ratio SE(ln(OR)) = 0.3526. This 

means that the overall odds that a CAD model would contain a deficiency in the form of an un-
renamed feature were a little below 2.7 times as high for a CAD model that had been created by a 
student without feedback intervention as for a CAD model that had been created by a student with 

feedback intervention. As the confidence interval does not include an odds ratio of 1, the result is 
statistically significant at the 5% level. This outcome is further confirmed through the chi-square 

test (df = 1, χ2 = 7.9855, p = 4.715e-3), which also yields a statistically significant relationship at 

the 5% level between the presence or absence of un-renamed features and CAD models that were 
created without feedback intervention and those that were created with feedback intervention 

made available to students.  
 

 

 
 

Figure 2: Graphical representation of odds ratios and associated confidence intervals. 
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As can be inferred from the CAD model analysis results above, the greatest effect size is in the 
case of CAD models that contain under-constrained features (A4). Here the calculated individual 

odds yielded an odds ratio OR = 4.800 and a 95% confidence interval CI = [1.667,13.823] with 
the approximate standard error of the log odds ratio SE(ln(OR)) = 0.5396. Hence, the overall odds 

that a CAD model contained under-constrained features were 4.8 times as high for a CAD model 
that had been created by a student without feedback intervention as for a CAD model that had 
been created by a student with feedback intervention available. Here, the chi-square test (df = 1, 

χ2 = 9.7244, p = 8.184e-3) also confirms a statistically significant relationship at the 5% level 

between the presence or absence of under-constrained features and CAD models that were 

created without feedback intervention and those that were created with feedback intervention 
provided to students. A graphical summary of odds ratios and associated 95% confidence intervals 
calculated so far is shown in Figure 2.  

 

4.3.3 Feedback effects on dormant deficiency 

Analysis of CAD models that contained type I dormant deficiencies (A5) showed that the calculated 

individual odds yielded an odds ratio OR = 2.636 and a 95% confidence interval CI = 
[1.376,5.049] with the approximate standard error of the log odds ratio SE(ln(OR)) = 0.3309. This 

means that the overall odds that a CAD model would contain a type I dormant deficiency were a 
little above 2.6 times as high for a CAD model that had been created by a student without 
feedback intervention as for a CAD model that had been created by a student who had been 

provided with feedback intervention. As the confidence interval does not include an odds ratio of 1, 
the result is statistically significant at the 5% level. This outcome is further confirmed through the 

chi-square test (df = 1, χ2 = 8.7453, p = 3.1040e-3), which yields a statistically significant 

relationship at the 5% level between the presence or absence of type I dormant deficiencies and 
CAD models that were created without feedback intervention and those that were created with 

feedback intervention available.  

In the case of partially best practice compliant CAD models – all features were fully 
constrained with OK status – that contained type I dormant deficiencies (A6), the calculated 

individual odds yielded an odds ratio OR = 2.665 and a 95% confidence interval CI = 
[1.284,5.530] with the approximate standard error of the log odds ratio SE(ln(OR)) = 0.3726. This 

means that the overall odds that a best practice compliant CAD model would contain a type I 
dormant deficiency were again a little above 2.6 times as high for a CAD model that had been 
created by a student without feedback intervention as for a CAD model that had been created by a 

student who had been provided with feedback intervention. Again, in this case, the chi-square test 

(df = 1, χ2 = 7.0966, p = 7.7213e-3) confirms a statistically significant relationship at the 5% 

level between the presence or absence of type I dormant deficiencies in best practice compliant 
CAD models that were created without feedback intervention and those that were created with 
feedback intervention available. For a graphical summary of all the calculated odds ratios and 

associated 95% confidence intervals, see again Figure 2.  
 

Assessment   Criteria   Effect 
OR 

Size 
d 

Features with Warnings / Failures 2.719 0.553 

Un-renamed Features 2.668 0.542 

Under-constrained Features 4.800 0.867 

Type I Dormant Deficiency 2.636 0.536 

 

Table 1: Assessment criteria and associated effect sizes. 
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Using a common conversion method, the effect sizes reported above for dichotomous data based 
on odds ratios can be transformed into estimates of their counterparts based on Cohen’s d, which 

is the number of standard deviations representing a standard effect size measure (cf. [16]). This 
method is based on the product of the logistic difference and the factor ((31/2)/π), which yields a 

standardized mean difference statistic (cf. [15,30,59]). Effect sizes as calculated in this study and 
their estimated values when transformed into standard effect size measures are shown in Table 1. 
Those standard effect sizes are not only above the d = 0.4 effect size which is regarded as 

necessary for any educational method or technology to be taken seriously (see also discussions in 
[32]), but also well-placed within the effect size range argued to be relevant for any feedback 
intervention (cf. [32,65]).  

4.4 Discussion 

In this study the nature and effectiveness of an educational feedback intervention within an MCAD 

course for second-year university students has been analyzed. Besides the impact on learning 
experience and outcomes, the effects on compliance with best practices and on the presence of 
dormant deficiencies have been of particular interest, as has the extent to which feedback effects 

and characteristics pertain to task complexity as well as to performance challenges in regard to 
parametric feature-based CAD model creation. 

In reference to research question RQ1 concerning the outcome and performance of students in 

relation to the quality of the CAD models that were created after the introduction of the feedback 
intervention, a significant improvement in both CAD model robustness and best practice 

compliance was observed. This indicates that students indeed used and benefitted from the 
feedback, as they were able to improve sufficiently to decrease the obvious gap between their 
former performance and a reference performance. This can be partially attributed to several 

factors, as follows. Firstly, in the case of CAD model robustness, students were provided with a 
novel metric linked to the concept of dormant deficiency that allows for a better understanding of, 
and also insight into, the presence and nature of errors in associativity. This represents a type of 

feedback on CAD model robustness that no modern commercially available CAD system is yet able 
to provide (cf.[45]). As the implementation of the feedback agent allows the concept of dormant 

deficiency to come to life through simulated systematic CAD model alterations and regenerations, 
students were able to learn from mistakes during interactions with the computerized system in 
real-time, while analyzing their CAD models under the guidance of the software tool based 

feedback agent. This suggests that the feedback intervention engages students in effective actions 
that help improve existing behavior, knowledge, skills, and consequently competency, which is the 

basic goal of any learning experience. Achieving an understanding of the nature and importance of 
errors in associativity is quite a difficult task that requires considerable effort from both sides, that 
is from both the learning and the teaching side. Here, one promising approach is to support self-

guided learning through understanding rather than by adding just domain knowledge content (cf. 
[64]). In this regard the feedback agent provides not only metrics and functionality for detecting 
actual dormant deficiencies in CAD models, but also information that supports systematic 

backtracking from their symptoms and effects to the possible root causes of such deficiencies (see 
also [51]). This, in turn, provides students with opportunities to learn and gain understanding (see 

also discussions in [2,24,51]) through practical hands-on experience during the analysis and 
cognitive processing of the detailed interactive feedback that is provided on dormant deficiencies – 
if such are present in the CAD models. Note that, within this scenario, support is also given to 

learning about and understanding what not to do, in order to avoid such errors (see also 
discussions on negative knowledge and expertise in [28,46,49]). Perhaps this might also 
contribute to a less frequent demand for feedback, and to its being supplied earlier than usual, but 

with longer lasting effects, as student performance improves and gradually transcends the novice 
level (see also discussions in [41,52,60]. 

Secondly, in the case of best practice compliant CAD models, the feedback agent provided a 
means for support of the conceptualizing and actual measuring of this compliance through 
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explicitly recording and pointing out all the shortcomings and deficiencies in the modeling outcome 
of a student during interactions with the computerized system in real-time. This detailed, explicit, 

and point-to-point feedback related to best practices and guidelines also helps to develop a 
student’s awareness of these issues and their contribution to CAD model quality. Although 

information related to features such as status and name can be provided by most CAD systems, 
this information is usually dispersed throughout the graphical user interface. Moreover, it is not 
uncommon that the standard default settings of commercial CAD systems need to be adjusted by 

the user to make some of this feature-related information visible in the graphical user interface. 
Hence, to many novices this information remains partly hidden, less visually / cognitively 
accessible, or overlooked altogether most of the time. Within this scenario, another important 

factor is the viewpoint from which this information is provided, as it impacts the method and 
contents of presentation. For example, in the case of an un-renamed feature, a CAD system might 

just report the generic name of the feature as assigned to it by the system. However, the feedback 
agent explicitly points out to the student who is interacting with it that this particular feature 
represents a CAD model shortcoming in regard to best practice compliance, because it remains un-

renamed. However, to gain a better insight into the relationships among the feedback, its 
characteristics, and the way students reacted to it and benefitted from this educational 
intervention, performance gains and similar factors need to be examined. Consideration must also 

be given to the impact on skill and competency development, as well as the improvement of 
awareness in view of CAD model creation-related goals and task complexity. This is carried out in 

the discussion relating to research question RQ2 that follows next. 

As empirical results showed, the feedback intervention across all directions analyzed in the 
study produced effect sizes that are large enough to be considered not only relevant but strong in 

the educational field. This demonstrates that the proposed interactive computerized feedback can 
be regarded as an effective educational intervention that improves student performance through 
an enhanced learning experience. However, the contributions to enhancing the learning 

experience, leading to improvements in student performance, were supported in various ways and 
at different levels of effectiveness by the feedback intervention. In the case of partially best 

practice compliant CAD models and in regard to un-renamed features (cf. analysis A3), the task 
complexity both of assigning a name to a feature and of amending an un-renamed feature is low. 
Locating any un-renamed features – if present – in a CAD model based on the information 

provided through the system and the feedback agent is also, even for novices, a straightforward 
process that is not difficult to perform. Therefore, compared to cases of partially best-practice-

compliant CAD models where students had to face more complex tasks, the feedback effect was 
not quite as great as could have been expected. To some extent, this can be attributed to 
differences in the students’ CAD model creation-related goals and to their inconsistent awareness 

and prioritization of individual best practice compliance criteria. As became evident through 
student-teacher interactions during CAD course Q&A sessions and CAD laboratory exercises, during 
CAD model creation, most students focus heavily on the shape of a model rather than on modeling 

strategy, model robustness, and best practice compliance. Within such a scenario, the assignment 
and correction of values for parameters that impact the CAD model shape are perceived by 

students as having a higher priority than the assignment of parameters, which do not have an 
explicit impact on or functional relationship with the model shape. Here, to raise the feedback 
effect to the level that should be expected, perhaps it is necessary to improve or even redesign 

some characteristics of the software tool interface and the manner in which feedback information 
on un-renamed features is presented and provided. 

In the case of partially best practice compliant CAD models regarding features with a warning 

or failure status (cf. analysis A2), the task complexity of assignment and / or correction of feature 
parameter values to achieve an OK status can be considered in most cases to be moderate. Since 

it is more difficult to correctly process and act upon the feedback here, the effect size is a little 
larger than in the case of best practice compliant CAD models regarding un-renamed features. One 
contributing factor, partially responsible for this, could be the relationship between feature status 

and CAD model shape. As discussed earlier, this is an important facet that determines the focus 
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and strength of students’ modeling-related goals and their awareness of individual compliance 
aspects. 

In the case of partially best practice compliant CAD models regarding under-constrained 
features (cf. analysis A4), the task complexity of assignment and / or correction of feature 

parameter values to achieve fully constrained features is usually within the range of low to 
medium. This range is usually ensured by the exercise assignments of the CAD course, though 
some cases could be a little more challenging for novices, depending on the nature and the often 

unnecessary complexity of feature shapes created by some students. Taking into account the low 
to medium task complexity the strong impact that constraints have on the feature shape, and the 
powerful focus on and awareness of the latter, which novices usually exhibit, the large feedback 

effect size from the study should not come as too much of a surprise. However, as pointed out, 
task complexity, and thus the way students perform, may vary considerably depending on the 

unnecessary complexity of individual features and their shapes as created by students – even 
though that was not required by the exercise. This results in an actual feedback effect that not 
only is significant but also varies over a wide range. This situation is reflected in the computed 

statistics, in particular the size, the standard error, and the confidence interval of the feedback 
effect, which were among the greatest in this study. 

In reference to research question RQ2, significant improvements in outcome and in the 

performance of students in regard to the quality of the CAD models that were created indeed 
appear to be partially impacted by the extent to which the effects and characteristics of the 

feedback intervention pertain to the task complexity and the goal settings of CAD model creation 
and amendment. As the concept of dormant deficiency is novel and was only very recently 
introduced to the CAD community by the authors (cf. [45,51]), some concrete examples that were 

encountered during CAD model analysis are provided to enhance transparency and to better 
illustrate the discussion that follows next. Details of the CAD model that was used for discussing 
concrete case examples in this paper, together with the embedding in the CAD laboratory exercise 

and course assignments, can be found in [45]. In the case of CAD model robustness (cf. analysis 
A5), correctly interpreting the feedback and backtracking from symptoms and effects to the root 

causes of dormant deficiencies is not always a straightforward process for novices. Therefore, the 
task complexity can be considered to usually reside in a range from medium to high. However, in 
many cases, a concrete range cannot be ensured by the exercise assignments of the CAD course 

due to the nature and complexity of feature associativity itself. This, in turn, partly harks back to 
the complexity of the feature shapes and feature parameter relationships some students may have 

created in the first place.  

An actual example of a type I dormant deficiency that was detected and verified by human 
assessors during model analysis is shown in Figure 3. In the example shown in Figure 3(b), the 

dormant deficiency was activated by a change (value increment) in the radius of the rounded 
region in the upper front part of the link yoke head. As a result, the extruded cutout feature that 
was used to create the gap between the yoke ends lost its reference plane. This situation 

happened because the reference plane used for the cutting profile was unfortunately selected to be 
vertical and tangential to the round (see again Figure 3(b) and the markings in yellow). However, 

in such a modeling situation, a different and more adequate geometric constraint should have 
been used to avoid such a deficiency. 

This example is a typical case in which a modeling mistake resulting in an error in feature 

associativity – that is frequently committed and easily overlooked by novices – creates a dormant 
deficiency that has no apparent impact on the CAD model (cf. Figure 3(a)) until an alteration takes 
place. However, the alteration, if activated, suddenly turns into a concrete deficiency following 

parameter alteration and subsequent model regeneration. Through the software tool-based 
feedback agent, students can actually see the concept of dormant deficiency coming to life during 

feedback provision, and they can trace, as well as interact with, all these processes and the CAD 
modeling environment as they backtrack from deficiency symptoms and effect to root cause 
(concrete examples are described in [51]).  
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                                     (a)                                                               (b) 
 

Figure 3: Concrete example of a CAD model type I dormant deficiency encountered during CAD 
model analysis: From left to right: (a) state of the CAD model without any feature failures before 
the alteration of a critical dimension, (b) actual state of the regenerated CAD model containing 

failed features and geometric deficiencies after alteration of a critical dimension.  

 

 
 
Figure 4: Section of a concrete example of the part of the elaborative feedback that provides 
additional task specific and detailed information on features that failed during model regeneration.  

 
Besides offering a visual representation of CAD model shapes and their geometric/topological 

properties, the elaborative feedback also provides task-specific and detailed information on the 
features that failed during model regeneration, along with records on all critical parameters and 
their values that caused those deficiencies. A snapshot of such task-specific and detailed 

information relating to the example of the link yoke discussed above (see Figure 3 again) is shown 
in Figure 4.  

Despite the challenges, the provision of the feedback intervention led to a considerable 

reduction in dormant deficiencies in CAD models and showed effects and confidence intervals that 
were comparable in size and range to their counterparts in the analysis of best practice 

compliance. Taking into account task complexity and the difficult nature of the issue, those results 
were quite encouraging. Contributing factors were the students’ strong focus on CAD model shape 
– geometry/topology is negatively impacted by the presence of dormant deficiencies – and the 

ability of the feedback agent to bring this concept to life. That is to say that the students could see 
the impact a dormant deficiency would have on the CAD model shape and could interact with the 
CAD model and the feedback agent in real-time while trying to discover the root cause of the 

deficiency and amend the model. In the cases of CAD models in which all features were fully 
constrained and where there were no warnings or failures (cf. analysis A6), the effect size was a 

little higher than in other dormant deficiency-related cases. Presumably, this can be attributed to 
the fact that students who are already able to create partially best-practice-compliant CAD models 
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are also more likely to have better-developed know-how and skills, enabling them to find the root 
causes of dormant deficiencies and perform adequate corrections. 

5 CONCLUSIONS AND FUTURE WORK 

Results obtained from the first part of this two-part study provide empirical evidence that the 

feedback intervention introduced in the reconstructed MCAD course was effective in improving the 
quality of the feature-based CAD models that students were able to produce through CAD 
laboratory activities and exercise assignments. The encouraging and reassuring outcomes 

achieved, based on the evaluation of empirical results from the study and compiled as responses 
to the research questions for the study, were as follows. Through intercommunication processes 
with the software tool (intervention agent), based on interactive human-computer communication 

with feedback in real-time, students can self-assess their current performance. That is, students 
are provided with metrics that can be used to compare the quality of their modeling outcome with 

that of an expected outcome. In particular, due to the novel concept of dormant deficiency, for the 
first time students in CAD education have a concrete measure, which is explicitly associated with 
the robustness of feature-based CAD models. In addition to that, this software tool-based 

educational intervention allows for the concept literally to come alive, thus giving students real-
time experience of what the symptoms and effects of this kind of model deficiency look like in their 
own created CAD models. This, among other factors, engages students in various cognitive 

processes and actions, which eventually lead to a successful narrowing of the gap between actual 
and expected performance. This represents a promising step towards improving the outcomes of 

student performance in regard to creating feature-based CAD models that are both more robust 
and in better compliance with best practices. Furthermore, it reduces the gap between initial 
modeling skills and competency, and projected learning goals, as well as achieving the desired 

outcomes of learning from errors and benefitting from self-guided formative assessment supported 
by interactive feedback intervention.  

The second part of this two-part study aims to shed some light on, and gain a better 

understanding of, the student perspective to this feedback intervention and its means of 
implementation. Therefore, parallel to the introduction of the software tool within the restructured 

CAD course, a student survey was conducted. Through this questionnaire-based online survey, 
students were given an opportunity to express their opinions about the newly introduced feedback 
intervention. That is, they were able to indicate what worked best for them and what did not work 

well. They were also given the opportunity to mention any shortcomings or omissions in the 
implementation and to state what kinds of improvements they would like to see in this educational 

intervention. Analysis and assessment of the data obtained through this survey are currently in 
progress, with results expected to be published soon.  
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