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Introduction

• Modern emphasis in education has been shifting towards authenticity in the 

learning tasks, contexts and environment provided for students.

• University graduates should not only be equipped with relevant knowledge, but 

be able to apply, adapt and use the knowledge learnt to perform tasks and solve 

problems in the real-world setting. 

• Implementing authentic learning may serve to reduce a mismatch between the 

requirements of employers in the labor market and the skills that universities are 

delivering to students.
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What is Authentic Learning?

• According to Howland et al. (2012),

• According to Gulikers et al. (2005),

“Authentic learning is defined as learning that is seamlessly integrated 

or implanted into meaningful, ‘real-life’ situations”

Gulikers, J. T. M., Bastiaens, T. J., & Martens, R. L. (2005). “The surplus value of an authentic learning environment” Computers in Human Behavior, 21(3), 509–521.

Howland, J. L., Jonassen, D. H., & Marra, R. M. (2012). Meaningful learning with technology. Upper Saddle River, NJ: Pearson.

“The function of both an authentic learning environment and an 

authentic task is to show students relevance and stimulate them to 

develop competencies that are relevant for their future professional 

or daily lives”
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The Case for Authentic Learning

• According to Herrington & Oliver (2000),

“ … much of the abstract knowledge taught in schools and universities 

is not retrievable in real-life, problem solving contexts, because this 

approach ignores the interdependence of situation and cognition. 

When learning and context are separated, knowledge itself is seen by 

learners as the final product of education rather than a tool to be used 

dynamically to solve problems”

Herrington, J., & Oliver, R. (2000). “An instructional design framework for authentic learning environments” Educational Technology Research and Development, 48(3), 23–48.
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Delivering Transferable Skills in Graduate Studies

• At the graduate level, delivering transferable skills are important.

• Australia, the United States and the United Kingdom (Gilbert et al. 2004) have issued guidelines 

to their universities, listing the transferable skills that all research students in higher degree 

programmes should be trained in.

• The UK Research Councils (RCUK) listed 36 critical skills which students should be trained in 

(Bromley et al., 2007). These are broadly categorized into: 

i. Research skills and techniques 

ii. Research environment,  

iii. Research management, 

iv. Personal effectiveness,

v. Communication skills, 

vi. Networking and teamworking 

vii.Career management. 

Bromley, A.P., Boran, J.R. & Myddelton, W.A. (2007). “Investigating the baseline skills of research students using a competency-based self-assessment method”, Active 
Learning in Higher Education 8(2): 117–137 

Gilbert R., Ballati, J., Turner, P. & Whitehouse, H. (2004). “The generic skills debate in research higher degrees”, Higher Education Research & Development 23(3): 375 – 388.
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Physics Education Research (PER) at Graduate Level

• Leak et al. (2017) studied the characteristics of how physics postgraduate students perform 

problem solving. 

➢ For routine problems, students generally search online for resources or materials. 

➢ For complex problems, they often seek help from their peers or people that are close to them. 

• O’Byrne et al. (2008) surveyed the employers of PhD physics graduates in Australia on their 

opinion of the graduates. 

➢Almost all the employers feel that various attributes of physics graduates need to be better 

developed at the university. 

➢They also indicated that there is a deficiency in oral and written communication skills in physics 

graduates and some were especially critical of physics graduates in this area. 

Leak, A.E., Rothwell, S.L., Olivera, J. & Zwickl B. (2017). “Examining problem solving in physics-intensive PhD. Research”, Physical Review Physics Education Research 13: 020101 

O’Byrne, J., Mendex, A., Sharma, M., Kirup, L., & Scott, D. (2008). “Physics Graduates in the Workforce: Does Physics Education Help?”. Paper presented to the Australian Institute of 
Physics (AIP) 18th National Congress, Adelaide, Australia, 30 November – 5 December
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Implementing Authentic Learning in PC5209

• In this work, authentic tasks and assessments were implemented for PC5209, a postgraduate 

applied physics course, based on the framework and guidelines by Herrington & Herrington (2006).

• This course covers the topic of ion beam analysis, where particle accelerators are used to produce 

a stream of fast-moving charged particles (i.e. ion beam). These are used to probe the composition 

and thickness of novel material systems. 

• The students who take this course are mostly full-time Physics MSc. and PhD. graduate students. 

The size of the class is small, typically consisting of 15 – 30 students.

Herrington, A. & Herrington, J. (2006). Authentic Learning Environments in Higher Education, Pennsylvania: Information Science Publishing
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Previous Approach in PC5209

• Previously, apart from the midterm test, the continuous assessment component of this course only 

required each student to perform an oral presentation, based on a research article that is related to 

the course subject. 

• The article was selected and assigned to each individual student. Each student reads and understand 

the article and presents its findings to the class.  

• There were no requirements for collaborative work in a group setting. 

• This approach is very passive and lacks authenticity in the learning tasks, contexts and environment.
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Incorporating Authentic Tasks in PC5209

• The new approach introduces a series of authentic tasks in a group setting. 

• Each group of students are to perform these tasks as part of their CA:

➢ Use online search engines to perform literature review on the latest developments in a topic 

related to the course. The topic is kept broad and ill-defined.

➢ Create a conference poster on the topic, using relevant and high impact work among the 

research articles obtained from the literature review

➢ Give an oral presentation on the content of a complete research article that is published in a 

peer reviewed journal.

• Students are expected to hold group meetings to discuss their findings and to collate the material 

into a coherent presentation.
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• Out of the 36 critical skills as listed by RCUK, my framework addresses the following areas:

➢ Discipline knowledge: Able to communicate knowledgeably about their research topic with supervisor and 

peers, debating concepts. Familiar with recent relevant literature.

➢ Library skills: Able to conduct searches using appropriate online and offline resources. Able to collect and record 

information in an organized and professional way. 

➢ Critical writing: Able to communicate own research orally and in written reports. Able to explain their research 

at a range of levels appropriate for e.g. international conference or non-specialist audiences. Able to produce well-

constructed clear presentations. Able to use slides confidently and easily in oral presentations.

➢ Research presentation: Able to present academic work at seminars and skills conferences fluently and 

confidently, and able to respond clearly and persuasively to questions and comments at such occasions.

➢ Team-working: Can work in teams (e.g. research groups) on complex projects and can both reflect on quality of 

teamwork and solve team-working problems as they arise.

Delivering Transferable Skills in PC5209
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Simulating a Conference Experience

• A conference experience is simulated for students, where they will take part in a poster session as 

well as an oral presentation session. 

• The poster session takes up one entire lecture and is conducted in an active learning room where 

all posters are displayed digitally on a large-screen LED TV. Students may mingle and move around 

the room to look at the posters of the other groups. 

• Members of each group will individually give oral presentations within a single session. All 

presentations within the same group will have the same theme. A session chair (me) will conduct 

each session, and the time allocation for each talk is strictly enforced. The question and answer 

session is open to the floor but will consist of at least one question from the session chair.
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Authenticity of the Tasks

• By also incorporating group work, the aim is for students to gain experience in teamwork and 

interpersonal communication during group meetings. 

• For each group, the topic of their literature review is kept very broad, allowing this task to be ill-

defined, since: 

➢ students must decide on a specific aspect of the broad topic to focus on, 

➢ there is no “correct” set of articles that should be selected, and 

➢ there is no fixed or definite narrative that the students must adopt.

• The task of creating a conference poster is by itself a real-world practice. This allows students to 

practice and develop skill in designing and producing clear and systematic posters. 
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Authenticity of the Tasks

• The individual oral presentation aims to serve multiple purposes in authentic learning: 

➢ The real-life research questions and their associated complexities are typically described 

in the articles. This constitute an illustration of how the knowledge gained during class is 

applied in a real-life setting. 

➢ Each research article constitutes an in-depth case study of a piece of research that was 

performed to answer an actual research question. Students are exposed to the research 

methodology, the procedures and instrumentation involved during real experiments. 

➢ Through preparation for their oral presentations, the students will gain experience in 

producing presentation slides and to give a systematic and structured presentation to 

the entire class. 
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Implementation of Poster and Presentation Sessions

• Students must create a group poster according to a set of specifications. 

Some students were unfamiliar with the process and submitted posters of the wrong size, wrong 

orientation, with no title, no author list, no bibliography, and/or pixelated figures. Such posters were 

rejected, and students were required to re-submit a corrected new poster.

• Oral presentations forced students to articulate ideas and concepts (in English). 

This is important for foreign students whose first language is not English. For some of these students, 

this is among the first few times that they have ever given a presentation in front of an audience. 

Students may face the screen during their entire presentation, read off the screen word by word, read 

off their handwritten or cell phone notes the entire time, or have poor pacing of their presentations.

• Feedback is provided to the students at the end of the presentation and poster sessions, where I 

provide suggestions on how they may improve on these essential skills.
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Results of Implementation: Linear Regression Analysis

We investigate the effect of authentic learning format on the end of term student feedback scores.

Assume the following regression model:

𝑌𝑖 = 𝛽0 + 𝛽1𝑋𝐅𝐨𝐫𝐦𝐚𝐭,𝑖 + 𝛽2𝑋𝐂𝐥𝐚𝐬𝐬,𝑖 + 𝛽3𝑋𝐑𝐞𝐬𝐩𝐨𝐧𝐬𝐞,𝑖 + 𝜀𝑖

where: 

𝑌𝑖 = Average score on Likert scale for a particular question    

𝑋𝐅𝐨𝐫𝐦𝐚𝐭,𝑖 = Teaching format ( 0 = Old format; 1 = Authentic Learning format)

𝑋𝐂𝐥𝐚𝐬𝐬,𝑖 = Class Size (Total number of students in the class)

𝑋𝐑𝐞𝐬𝐩𝐨𝐧𝐬𝐞,𝑖 = Response Size (Number of respondents in the feedback for that year)

𝑖 =  Year (from 1 to 9, AY2010 – AY2018)



HECC 2019

Linear Regression Analysis

The matrices Y are as follows:

Question 1: 
The Lecturer has enhanced my 

thinking ability

Question 2: 
The Lecturer has provided timely and 

useful feedback

Year 1

Year 9

Year 5

⋮
⋮

⋮
⋮

Likert Scale 
Score

𝑌𝑡ℎ𝑖𝑛𝑘𝑖𝑛𝑔 =

4.167
4.4
3.8

4.667
4.5

4.667
4.42
4.89
4.83

Year 6

Old Format

New Format

Year 1

Year 9

⋮
⋮

⋮
⋮

Likert Scale 
Score

𝑌𝑓𝑒𝑒𝑑𝑏𝑎𝑐𝑘 =

4.333
4.4
4.2
4.5
4.5
5.0
4.81
4.89
4.83

Old Format

New Format

Year 5

Year 6
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Linear Regression Analysis

The matrices Y are as follows:

Question 3: 
The Lecturer has encouraged 

independent and self-directed 
learning

Question 4: 
The Lecturer has increased my 

interest in the subject.

Year 1

Year 9

Year 5

⋮
⋮

⋮
⋮

Likert Scale 
Score

𝑌𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ =

4.1
4
4.2
4.5
4.5

4.833
4.67
4.78
4.83

Year 6

Year 1

Year 9

⋮
⋮

⋮
⋮

Likert Scale 
Score

𝑌𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 =

4.083
4.5
4.2

4.667
4.5

4.667
4.53
4.67
4.83

Year 5

Year 6

Question 5: 
Computed Overall Effectiveness 

Score

Year 1

Year 9

⋮
⋮

⋮
⋮

Likert Scale 
Score

𝑌𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =

4.333
4.5
4.6

4.677
4.533
4.802
4.6
4.9
4.8

Year 5

Year 6
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Linear Regression Analysis

The matrix X is given by:

Teaching Format 

Format = 0 − No authentic Learning

Format = 1 − With Authentic Learning

Class Size 

Total number of students in the class in 

each year

Response Size 

Total number of respondents for the end-

of-term student feedback in each year 

Year 1

Year 9

⋮
⋮

⋮
⋮

𝑋 =

1 0 45 12
1 0 15 10
1 0 18 5
1 0 29 6
1 0 25 2
1 1 17 6
1 1 24 16
1 1 22 9
1 1 16 12

Year 5
Year 6

Old Format

New Format

𝜷
𝟎
𝒕𝒆
𝒓
𝒎

Te
ac

h
in

g 
Fo

rm
at

C
la

ss
 S

iz
e

R
e

sp
o

n
se

 S
iz

e
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Linear Regression Analysis

The regression coefficients are calculated:  𝜷 = 𝑿𝑇𝑿 −1𝑿𝑇𝒀

For every coefficient መ𝛽𝑖 , we calculate its t-statistic for Student’s 𝑡 hypothesis testing: 

t- 𝐬𝐭𝐚𝐭𝐢𝐬𝐭𝐢𝐜 =
𝛽𝑖

SE 𝛽𝑖
where SE መ𝛽𝑖 = 𝑉𝑎𝑟 መ𝛽𝑖

𝑉𝑎𝑟 መ𝛽𝑖 = 𝜎2 𝑋𝑇𝑋 −1 , 𝑖 ~ 𝑁 0, 𝜎2

𝜎2 ≈
RSS

df𝑡
=

𝒀−𝑿𝜷
𝑇
𝒀−𝑿𝜷

df𝑡

df𝑡 = # of years − # of predictor variables − 1

We then calculate the p- 𝐯𝐚𝐥𝐮𝐞 for a two-tailed 𝒕-test with degrees of freedom df𝑡.
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Linear Regression Analysis

𝑌𝑖 = 𝛽0 + 𝛽1𝑋Format,𝑖 + 𝛽2𝑋Class,𝑖 + 𝛽3𝑋Response,𝑖 + 𝜀𝑖

Not all predictors may be significant. To obtain a parsimonious model, we need to test the significance of 

each predictor variable 𝑿:

H0 ∶ 𝛽𝑖 = 0 H1 ∶ 𝛽𝑖 ≠ 0

Regression Coefficients 𝒕 − 𝐬𝐭𝐚𝐭𝐢𝐬𝐭𝐢𝐜 (𝐝𝐟 = 𝟓) 𝒑 value (Two-tailed)

መ𝛽1 መ𝛽2 መ𝛽3 መ𝛽1 መ𝛽2 መ𝛽3 መ𝛽1 መ𝛽2 መ𝛽3

Thinking 0.507 0.00415 -0.0224 1.77 0.285 −0.684 0.137 0.787 0.524

Feedback 0.575 0.00304 -0.0158 5.97 0.620 −1.44 0.00189 0.562 0.211

Research 0.699 0.00650 -0.0367 5.79 1.06 −2.66 0.00216 0.338 0.0448

Interest 0.273 -0.00801 -0.0111 1.54 −0.889 −0.548 0.184 0.415 0.607

Effectiveness 0.294 -0.00348 -0.0197 3.48 −0.812 −2.05 0.0176 0.454 0.0962



HECC 2019

Linear Regression Analysis

Our new model:   

𝑌𝑖 = 𝛽0 + 𝛽1𝑋Format,𝑖 + 𝛽2𝑋Response,𝑖 + ε𝑖

We test the hypothesis again:           H0 ∶ 𝛽𝑖 = 0 H1 ∶ 𝛽𝑖 ≠ 0

Regression 
Coefficients

𝒕 − 𝐬𝐭𝐚𝐭𝐢𝐬𝐭𝐢𝐜
(𝐝𝐟 = 𝟔)

𝒑 value 
(Two-tailed)

መ𝛽1 መ𝛽2 መ𝛽1 መ𝛽2 መ𝛽1 መ𝛽2

Thinking 0.465 -0.0187 2.05 -0.676 0.0863 0.524

Feedback 0.545 -0.0131 6.94 -1.37 0.000445 0.221

Research 0.634 -0.0309 6.04 -2.42 0.000928 0.0520

Interest 0.353 -0.0183 2.36 -1.00 0.0565 0.354

Effectiveness 0.329 -0.0228 4.66 -2.66 0.00346 0.0374

The መ𝛽2 coefficients are not significant for all 

questions except for the computed overall 

effectiveness score. 

This means that response size is not a 

significant factor for the Likert scores of these 

questions. 

We drop the predictor 𝑋Response,𝑖 from the 

model and perform the regression again for the 

first 4 questions.
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Linear Regression Analysis

Our final model:   𝑌𝑖 = 𝛽0 + 𝛽1𝑋Format,𝑖 + ε𝑖

Note:  Since 𝑋Format,𝑖 is categorical in nature (0 or 1), this becomes equivalent to an ANOVA analysis.

We test the hypothesis again:           H0 ∶ 𝛽1 = 0 H1 ∶ 𝛽1 ≠ 0

Regression 
Coefficients

𝒕 − 𝐬𝐭𝐚𝐭𝐢𝐬𝐭𝐢𝐜
(𝐝𝐟 = 𝟕)

𝒑 value 
(Two-tailed)

መ𝛽1 መ𝛽1 መ𝛽1

Thinking 0.395 2.04 0.0810

Feedback 0.496 6.69 0.000280

Research 0.518 4.27 0.00371

Interest 0.284 2.13 0.0704

The መ𝛽1 coefficients are not significant for the question 

on enhancement of thinking ability and on increasing 

the interest in the subject matter. 

The end-of-term student feedback do not provide 

sufficient evidence, at 5% level, that the adoption of 

the authentic learning format play a significant role in 

• Enhancing student’s thinking ability.

• Enhancing students’ interest in the subject matter
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Conclusion

• An authentic learning teaching format has been implemented in a postgraduate applied physics 

course, using the authentic tasks of literature review, group poster creation and individual oral 

presentation.

• Feedback given to the students on authentic tasks allow them to develop transferable skills that 

they may use in their future workplace.

• From our regression analysis, the implementation of the authentic learning has significant impact, 

at 5% level, on the end-of-term student feedback scores on:

• Provision of timely feedback, 

• Enhancement of research skills

• Computed overall effectiveness


