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Abstract 
 
Swinburne University of Technology (SUT) has a large student cohort undertaking anatomy and physiology as 

part of their core curriculum. Large student cohorts (> 300) impact on the quality and amount of feedback 

students receive. Teaching and learning materials for students are generally necessary as part of the learning 

process, and also assist the instructor. This study evaluated whether the introduction of a student laboratory manual 

enhances student learning and the feedback they receive in the unit of Anatomy and Physiology. It also evaluated 

the addition of a teaching guide in the teaching experience of tutors in the unit. Anonymous online student and 

tutor surveys were conducted. Questions regarding the content, presentation and educational value were included 

in the survey. Students overwhelmingly responded positively to the student laboratory manual. They also believed 

the amount and quality of feedback received during the unit from their tutor was beneficial to their learning. 

Students also reported that having a hard copy of their laboratory manual enhanced their learning experience. 

Therefore, in conclusion the student laboratory manual is a positive introduction into the curriculum of anatomy 

and physiology. It also identifies potential areas of improvement for the anatomy and physiology curriculum. 

 

Introduction 
 

Teaching materials are generally necessary as part of the learning process (Al Azri & Al-

Rashdi, 2014; Allwright, 1981), and they also assist the teacher or instructor (Loewenberg-Ball 

& Cohen, 1996). Adult learning styles (andragogy) differ significantly from current 

pedagogical practices as adults create learning connections through the application of teacher-

made instructional materials, whereas pedagogies are the skills through which children develop 

new combinations and relationships in organizing ideas, symbols, objects, and words 

(Charlesworth & Foster, 1996). Physical learning materials also allow students to record notes 

on paper that students may refer back to during exam revision. It also allows students to receive 

real-time feedback from their instructions following the completion of a task e.g. following a 

laboratory class. Feedback is defined as information about the gap between the actual level and 

the reference level of a system parameter which is used to alter the gap in some way 

(Ramaprasad, 1983), hence feedback is a "consequence" of performance (Hattie & Timperley, 

2007) and needs to be easily accessible and individualized for the student. In the context of this 

paper, feedback could be verbal, written or demonstrative from the laboratory tutor. Formative 

feedback is critical at university, especially at a first-year undergraduate level as it shapes 

students’ perceptions about tertiary education, continuing academic support and encourages 

deeper level learning (Biggs, 2003; Weston-Green & Wallace, 2016). Effective feedback has 

also been shown to increase student retention during courses and when delivered adequately 

can be a powerful learning tool that can enhance student learning (Einolander & Vanharanta, 
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2015). Additionally, writing physical notes is acknowledged as enhancing learning (Jabr, 2013; 

Rivard & Straw, 2000). 

 

Previously at Swinburne University of Technology (SUT) the unit of Anatomy and Physiology 

(BIO10004) with approximately an average of 100 students per semester has had a poor 

retention rate. The practical component has previously consisted of 4 laboratory sessions that 

were 4 separate electronic documents (fillable pdf forms) that students completed on-line via 

the Learning Management System (LMS) during their laboratory sessions. Attendance was not 

compulsory to these sessions. Also, students that did not attend laboratory sessions had the 

opportunity to submit their work on-line. Due to an online submission alternative, attendance 

to laboratory sessions was low and students would usually submit their work electronically 

mostly by copying from their peers. The submission of work was usually reporting 

observations of the activities with no follow-on questions. We have not reported on student 

grades, as we were focussed initially on improving the educational practice. 

 

Due to poor attendance and lack of structure of the practicals students did not get to see any 

application of the physiological content, neither were students able to translate all their 

theoretical knowledge into a practical context and would not have the opportunity to ask 

content related questions that students would ask academics outside lectures. It also prevented 

students from receiving feedback regarding their progress in the unit that usually occurs during 

small sized laboratory sessions (approx. 20–30 students per session). Also, with rapid 

expansion of the unit from 100 to nearly 500 students enrolled from semester 1, 2018 onwards, 

it is necessary that the teachings of the unit are consistent amongst all students and tutors to 

ensure that the delivery of the unit is streamlined across all aspects of the unit. We also wanted 

to collect some student perceptions of their learning overall, as these are related to their overall 

performance (McVicar et al., 2015).  

 

Large student cohorts have an impact on the quality and amount of feedback students receive 

throughout the semester and can also hinder the learning experience, hence teaching and 

learning materials for students which are regularly checked are a necessary part of the learning 

process of an important unit such as anatomy and physiology. Teaching and learning materials 

for students. are an integral part of the learning process, and assist the instructor (Singer & 

Alexander, 2017) to ensure that teaching is streamlined amongst all teachers. In corporate 

environments, manuals and handbooks serve as useful documents where both employers and 

employees can refer to for certain subject matters regularly. There has been interest in the 

efficacy of digital learning materials in comparison to their traditional hard copy counterpart. 

Studies have found in the age of digital natives, students still appreciate learning using physical 

materials (McLaren, 2008). Some studies contrast the use of screen and papers/textbooks 

(Chen, & Catrambone 2015), with guarded preference for the paper-based until there is a 

marked improvement in the quality of e-readers (Myrberg & Wiber, 2015). The use of paper 

(or permanent pdf documents) also promotes the keeping of permanent records as good 

laboratory practice (Schreier et al., 2006). Because of low participation rate in the unit when 

the practical assessment component was available online via the LMS, the aim of this study 

was to evaluate whether the introduction of a physical student laboratory manual and tutor 

guide enhances both student learning and the feedback they receive in the unit of Anatomy and 

Physiology at Swinburne University of Technology. 
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Methods 
 

At SUT, attendance to laboratory sessions is not compulsory. This was reflected in the unit 

learning objects that were articulated; 

 

1. Locate and identify anatomical structures in the human body 

2. Differentiate between levels of organization in biological systems and apply this 

knowledge to anatomical and physiological concepts. 

3. Explain the functions of organs and organ systems and their roles in normal bodily 

function. 

4. Differentiate between normal and abnormal physiology 

 
Due to the non-compulsory attendance of the unit, we were presented with the problem on how 

to motivate students to attend. Hence, a complete overhaul of the practical component of the 

curriculum was done. A laboratory manual was written that was a coherent document that 

contained all of the practical sessions that were being conducted. The document was printed in 

colour and sold in the university bookshop for a minimal cost. The document outlined student 

expectations for the unit, as well as advice on how to excel in the unit. All of the practical 

sessions were rewritten to ensure that activities could be completed within a maximum period 

of 1 hour and 45 minutes, allowing sufficient time (15 minutes maximum) for tutors to provide 

meaningful feedback to students within the 2-hour session. The document also contained space 

for students to take extra notes and for tutors to give feedback. All of the activities that were 

designed had associated questions (refer to Figure 1). 

 

Figure 1: Sample activity from student laboratory manual (activity + questions).  

 

To overcome the obstacle of attendance, the practical component was made 20% of their 

summative assessment (4 x 5% each). Students were not allocated 5 marks for attending; rather 

marks were allocated based on attempting the activities and attempting the associated 

questions. To ensure students have a basic understanding of the theory that is being applied 

during the practical session, pre-lab activities were set with each practical session that were 

discussed and checked before the laboratory session and also contributed to the final mark. 

Alongside the student laboratory manual, a tutor guide was also designed that clearly 
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articulated expected learning outcomes and teaching and learning expectations. It also 

contained troubleshooting and solutions to all the questions relating to the practical session that 

tutors could refer to when checking students’ work or when unclear on certain concepts.  

 

The students would complete the set activities with assistance from the tutors when needed. 

Upon completion of the activities the manual was individually checked at the end of each 

session and a mark (out of 5) was allocated. Tutors were instructed not to simply check their 

work but also provide written and verbal feedback to increase students’ understanding of the 

relevant physiological concepts. Students were not provided with an alternative online 

submission during the semester to deter student absence. Students who were not able to attend 

their designated laboratory session were given the opportunity to attend another session during 

the week to prevent them from “losing” their mark.  

 

Human Experimental Ethics approval was obtained from the SUT Human Research Ethics 

Committee. Anonymous online student and tutor surveys were conducted. Both documents 

(student laboratory manual and tutor guide) were updated to reflect any changes that occurred 

in the unit at the end of each teaching semester. 

 

Students were surveyed on their experience of the laboratory manual using an online survey 

tool, Opinio (http://www.objectplanet.com/opinio/). The following themes were put forward 

to students: 

1. Organisation and Presentation 

2. Content and Educational value 

3. Feedback received 

4. Hard copy vs soft copy 

All questions were answered using a Likert scale (e.g. strongly agree to strongly disagree) for 

both students and tutors. An opportunity to provide further comments was provided at the end 

of the survey in the form of “Do you have any other further comments?” Results were collected 

and analysed.  

 

 

Of the 500 students only 40 responded (a small rate of around 8%) and of the 6 tutors 4 

responded. The data presented in this paper are representative from the first student cohort to 

have completed the practical component using the student laboratory manual. 

 

Analyses 

All results are expressed on a bar graph, where n represents the number of respondents for each 

question. The results represent responses accumulated from the 2018, semester 1 iteration of 

the unit. Graphpad Prism version 8.0 (Graphpad Software, San Diego, CA, USA) was used for 

presentation of the data. 

 

Results 
 

Organisation and Presentation  

Greater than 50% of the respondents agreed that a well-presented single document which 

contains their practical curriculum and outlines expectations of the student and unit allows 

them to stay organised throughout the semester (refer to Figure 2). Although the opinion on 

the general presentation of the laboratory manual was divided, there were no comments 

provided in the open-ended section that could provide insight into the divergent opinions. It 

also assisted their learning of anatomy and physiology. One student’s opinion was that: 
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“It was very helpful through the semester.” 

 

 

Figure 2: Organisation and Presentation.  

 

Content and Educational value  

Most respondents found the student laboratory to have high educational value and it enhanced 

their anatomy and physiology learning experience (refer to Figure 3). Compulsory pre-lab 

activities that required completion before coming to class were also agreed to have a strong 

educational value, and one student commented:  

“The manual itself has aided the learning of many students during the semester. It would 

be very handy if the manual was mentioned or referred to more during the lectures” 

Figure 3: Content and educational value. 

 

Feedback received 

Greater than 70% of respondents did receive formal feedback from their tutors during the 

laboratory sessions that subsequently had a positive impact on their learning experience (refer 

to Figure 4). A comment from one student was:  

“…I also got useful feedback from the tutors on any answers I may have gotten.”  
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Figure 4: Feedback 

 

Benefits of Hard copy. 
 

Most students also felt that having a hard colour copy of the document in comparison to an 

electronic version of the manual was beneficial to their learning of anatomy and physiology 

(refer to Figure 5). Comments from the students included.  

“I really think this was helpful. If it was online and didn't involve a prelab I wouldn't 

have looked at anything before the lab and been prepared for it, but having a hardcopy 

meant I read everything on the train before coming to the lab - enhancing my learning.”  

 “Good having a physical copy, having to buy it is a bit of a pain but it was cheap so not 

too bad. Having a bit more space to write/paste pictures in would be good. 

 

Figure 5: Hard copy vs soft copy 

 

Tutor responses 

Both the student laboratory manual and tutor guide have had a positive reception from the 

tutors (refer to Figure 6). It is a well-presented document and it has increased the consistency 

in the delivery of the anatomy and physiology curriculum and has increased the efficiency of 

the tutors at being able to deliver the practical component of the unit (refer to Figures 5C&D). 

Having clear expectations and defined learning outcomes for each laboratory session assists 

tutors in teaching anatomy and physiology who may not have a strong grasp of certain concepts 

(refer to Figures 5A, E&F). 

 

0 10 20 30

Strongly Agree

Agree

Neutral

Disagree

Strongly Disgree

I recieved formal feedback from my tutors when they were 
reviewing my logbook during the laboratory sessions?

No. of respondents 

0 10 20 30

Strongly Agree

Agree

Neutral

Disagree

Strongly Disgree

The feedback recieved from my tutors when reviewing my 
logbook has increased my understanding of anatomical and 
physiological concepts I learnt during the lecture series.

No. of respondents 

0 10 20 30

Strongly Agree

Agree

Neutral

Disagree

Strongly Disgree

I would use the student laboratory manual for the end of 
semester examination?

No. of respondents 

a) b) c)

0 10 20 30

Very Likely

Likely

Unsure

Unlikely

Very Unlikely

If the manual was uploaded into Blackboard/Canvas how 
likely would you be to print the document in colour?

No. of respondents 

0 10 20 30

Strongly Agree

Agree

Neutral

Disagree

Strongly Disgree

Having a hard copy of the student manual enhances 
my learning experience of anatomy and physiology

No. of respondents 

a) b)



International Journal of Innovation in Science and Mathematics Education, 27(8), 1-9, 2019 

 7 

 

 
Figure 6: Tutor responses 

 

Discussion and Conclusion 
 

This study has demonstrated that despite an increase in the shift of learning to a digital first 

environment, physical learning materials such as student manuals serve as a useful learning 

tool. This study also provides insight into how the student laboratory manual has also acted as 

a powerful tool in providing feedback. Greater than 70% of the surveyed students found the 

student laboratory manual was a well-presented document that clearly outline student 

expectations throughout the semester (refer to Figure 2). However, these observations are based 

on a small overall response rate. They also believed that the document had high educational 

value and it enhanced their anatomy and physiology learning experience (refer to Figure 3). 

Having well-presented and coherent learning materials sets a precedence for a unit where the 

needs of the learner are at the forefront. By outlining expectations and guidance for students 

about the unit was also viewed as a positive addition which provided students with a single “go 

to document” which students can refer to time and time again and take additional notes through 

the semester. 

 

The finding that the study demonstrates that the majority of responding students received 

formal feedback from their tutors during the laboratory sessions and had a positive impact on 

their learning experience (refer to Figure 4) is a validation of our aims. Feedback is an 
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and attitudes students perceive as feedback and the instructors view of how feedback is being 

given e.g. through verbal or written comments, content revision, etc. (Weaver, 2007). Hence, 

one successful definition of student feedback can be interpreted as when feedback is delivered 

from an instructor with the intention to enhance student learning is received with the same 

intention. If feedback is not noticed or is not interpreted as feedback the purpose of the whole 

activity can prove to be futile. This study demonstrated that students positively responded to 

the verbal and written feedback that they received, which was reflected in their overall results 

and unit student feedback. Following each laboratory session, students were able to gain a 

better understanding of the anatomical and physiological concepts that were presented to them 

(refer to Figure 4). In addition, because the feedback is delivered regularly throughout the 

semester, it establishes rapport between the student and faculty. While we have not been able 

to align this with changes in student grades, it is better educational practice. This is also a part 

of the principles of good practice in undergraduate education (Chickering & Gamson, 1987). 

Also, having this strong foundation in first year concepts is necessary for all first-year degrees 

as it will allow students to build a strong understanding in their undergraduate degree, and 

translation and application of difficult concepts. 

 

Our student survey finally examined whether the students found a hard copy of the document 

a useful component of the curriculum in comparison to it previous digital predecessor. Due to 

the student laboratory manual containing many anatomical figures, we decided that the 

document will be printed in colour to control the quality of the image reproduction. It is 

reasonable to assume that not all students would print this in colour if uploaded to the LMS 

due to cost considerations. In that case, the educational value of the figures will be lost as a 

result. In retrospect this was a good decision as many of the students were highly unlikely to 

print the document in colour (refer to Figure 5). By printing in mass, with economies of scale, 

the university was able to deliver high quality document at a minimal cost and provide an 

engaging learning document with high educational value. The students also agreed that having 

a hard copy of the document was beneficial to their learning and they would use the manual to 

revise for their end of semester examination. There have been many studies comparing the 

difference between digital learning vs “print” learning. A study conducted by Mangen and 

colleagues in 2012 compared reading comprehension in Year 10 students who read from paper 

and the same text (pdf document) from a computer screen. The study found that students who 

read from the printed text scored significantly better than the ones who read the text digitally 

(Mangen, Walgermo, & Bronnick, 2012). A similar result was found at a tertiary level where 

a study conducted by Mirzachi in 2015 revealed that at the University of California, Los 

Angeles students preferred print textbooks over digital textbooks and electronic documents 

such as .pdf’s during their learning (Mirzachi, 2015). Printed texts provide a tactile 

environment where the brain can treat words like objects. When we read, our brains construct 

a mental representation of the text. This is very similar to mental maps that we create of 

physical spaces, such as housing and office floor plans. This phenomenon can be well 

demonstrated in published studies, people report that when trying to locate a particular passage 

in a text, the location of the text e.g. the page number or physical location of the page is where 

the text appears is remembered (Jabr, 2013). Hence, it can be suggested that a printed text in 

combination with regular documented feedback serves a powerful learning tool. 

 

The responses of the tutors when compared to the student responses formed the final 

component of the study. The tutors shared similar sentiments where the introduction of the 

student laboratory manual and the teaching guide had a positive reception. They also indicated 

the laboratory sessions were running with more ease when both students and tutor expectations 

are clearly articulated. Tutors also believed that the tutor guide assisted their teaching of 
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anatomy and physiology. An interesting theme that was revealed from the unit feedback (not 

part of data) was that students specifically mentioned how much they enjoyed the laboratory 

sessions and that they requested the introduction of extra laboratory sessions (greater than 4). 

This recommendation was put forward to the department, which resulted in an increase in the 

number of laboratory sessions from 4 to 6 per semester during the 2019 iteration of the unit.  

 

Therefore, in conclusion, this study has demonstrated that when a well written (preferably 

colour) printed learning manual, in conjunction with regular feedback, is provided to the 

student is a highly useful learning material in the anatomy and physiology curriculum. Also, 

more consistent delivery makes teaching delivery consistent across a large cohort using more 

than one staff member.  
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