
Reciprocal regulation – a key concept
Reciprocal regulation of opposing metabolic 
pathways ensures efficient integration of 
metabolism and is a key concept in biochemistry.  
In reciprocal regulation, a signal that activates 
one pathway inhibits the opposing pathway, 
enabling only one pathway to operate at a time.  
Allowing both opposing pathways to run 
simultaneously would generally be wasteful.

At MacEwan University, students are introduced 
to the concept of reciprocal regulation in BICM 
200 (Introductory Biochemistry) in the regulation 
of glycogen metabolism by reversible 
phosphorylation [1].

Regulation of glycogen metabolism by 
reversible phosphorylation
Glycogen metabolism involves the opposing 
pathways of glycogen synthesis and 
glycogenolysis (glycogen breakdown).  
• Glycogen synthesis is regulated at glycogen 

synthase (GS)
• Glycogenolysis is regulated at glycogen 

phosphorylase (GP)
• Both enzymes can be reversibly 

phosphorylated, by glycogen synthase kinase 
(GSK) and phosphorylase kinase (GPK), 
respectively  

• Both enzymes are dephosphorylated by 
phosphoprotein phosphatase 1 (PP1)

• Phosphorylation has the opposite effects on 
GP and GS:

o Activates glycogen phosphorylase
o Inhibits glycogen synthase

• Phosphoprotein phosphatase 1 is activated by 
insulin (high [glucose])

• The kinases are activated by epinephrine 
(impending action) or glucagon (low 
[glucose], liver only)

Acting out in the biochemistry classroom:
the use of role-play to teach reciprocal regulation of a metabolic pathway
Nina Bernstein, Department of Biological Sciences, MacEwan University

ConclusionsThe challengeIntroduction

The solution: regulation of glycogen metabolism role play
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Many students find the non-linear concept of reciprocal regulation difficult to grasp based on only 
images or simple animation.  

I have introduced a novel way to teach reciprocal regulation, having students participate in an analogy role-
play.  In this exercise, students are assigned roles of individual molecular components (glycogen synthase, 
glycogen phosphorylase, kinases, phosphatases and hormones).   As our “molecular players” act out the 
process, the rest of the class is invited to direct them. 

Based on student participation and feedback, the 
role-play exercise is helpful at engaging students 
and enhancing their understanding of reciprocal 
regulation in metabolism.
After participating in this experiential learning 
activity, students are able to:
• Explain the opposing effects of phosphorylation  

on glycogen synthase and glycogen phosphorylase
• Predict the effects of the hormones epinephrine, 

glucagon and insulin on glycogen synthesis and 
glycogenolysis
• Determine which hormones activate kinases and 

which activate the phosphatase
• Explain why only liver, but not muscle responds to 

glucagon

Viewing, directing or participating in the role-play 
gives students an effective overview of the complex 
process of reciprocal regulation of glycogen 
metabolism.
• Analogy role play has been used to teach a 

number of concepts in Biology, Chemistry and 
Physics such as the circulatory system, valency 
and electrical circuits [2].  Involving students in 
the illustration of a difficult concept helps them 
gain a deeper understanding, and having students 
direct the action enables them to develop a sense 
of ownership of their learning.

1. The concept is presented in an 
animated slide, starting with the 
opposing effects of 
phosphorylation.

2. Students are asked to decide how 
the action of kinases and 
phosphatases affects glycolysis and 
gluconeogenesis.

3. Students are asked to predict the 
effects of hormones (insulin, glucagon, 
epinephrine) – which hormone will 
activate kinases?

Generally students can do steps 1 and 2, but at step 3 most cannot answer the question.  At this point, 
before going over the answer,  the students are invited to act out the regulation of glycogen metabolism.

Molecular players: 1. Demonstrate the opposing effects of 
phosphorylation on GP and GS.                                             
(standing up = active; sitting = inactive)

2. Show the action of  PP1 on GP and GS.                                             

3. Show the action of  kinases on GP and GS.                                             

4. Predict effect of hormones on regulation.
eg. What is the meaning of the insulin signal?  

Does it activate glycogen synthesis or glycogenolysis?

Student Feedback Winter 2018: 
Having students act out the reciprocal regulation 
of glycogen metabolism really helped visualize 
and understand the pathways.
I liked the interactive role–playing of the glycogen 
synthesis and glycogenolysis that provided a good 
visual representation of the relationship between 
the enzymes and substrates.



What is the relationship between 
students’ mindset, study habits and learning gain?

Malin J. Hansen, Red Deer College, Alberta, Canada

Introduction

A student’s mindset has been defined as a student’s perception of his or 

her ability to improve on a certain skill or ability to learn a certain 

concept. A student with a fixed mindset believes that his or her ability is 

fixed and that improving on a certain skill is very difficult. On the other 

hand, a student with a growth mindset believes that his or her ability can 

be developed and improved through deliberate practice. As a result, it is 

likely that students’ mindsets affect their study habits and consequently 

their learning gain. 

In order to facilitate student learning, teachers need to gain a better 

understanding of their students’ mindsets, how it affects their study 

habits and engagement in course activities, and what they as instructors 

can do to foster a growth mindset in their students. 

I hypothesized that students with a fixed mindset are less likely to 

change their study habits when performing poorly than students with a 

growth mindset. Consequently, students with a fixed mindset may 

experience lower learning gain during a course. 

Method

• A self-reflective survey was completed twice during the term as part 

of an in-class individual post-midterm reflective activity. 

• The survey questions prompted students to reflect on: 1) their midterm 

result, 2) their current study habits, 3) their goal for the next exam, and 

4) how to achieve that goal. The survey also included Likert-scale 

statements that explored students’ mindset and study habits.

•82 students (1st year biology majors and 1st and 2nd year non-majors) 

participated in both surveys. 

•A total “mindset score” was calculated based on eight statements. 

These statements were further divided into three categories.

• Students with a “mindset score” of > 60% were considered having a 

growth mindset, while students with a “mindset score” of < 60% were 

considered having a fixed mindset. 

Results

• Overall, there was no significant shift in the “mindset score” 

(61% [pre] vs. 57% [post]) or any of the statement categories 

over the course of the term. However, students who started 

the term with a low (<60%) mindset score increased their 

score significantly by the end of the term, while students who 

started the term with a high  (>60%) decreased their score 

significantly (Figure 1).

•There was a significant correlation between the post 

“mindset score” and the likelihood of students changing 

their study habits if receiving a poor result (Table 1). 

• There was no correlation between post “mindset score” 

and class participation or final grades (Table 1).

• Students who reported that they were likely to change their 

study habits were more likely to improve their grade from 

midterm 1 to 2 (43% vs. 14%, p-value = 0.006). In addition, 

these students experienced higher overall learning gain 

throughout the course (13% vs. 8%, p-value = 0.04).

Implications for teaching

Many 1st year students are likely to have a fixed mindset, 

especially when it comes to “effort” and “facing 

challenges” (Figure 1). For example, while 93% of students 

believe they can become good at something they are quite 

bad at, only 55% get motivated to work harder when 

something becomes difficult.

What can instructors do to shift students towards a 

growth mindset? 

• Praise deliberate practice and effort rather than 

intelligence.

• Teach students to use effective study strategies.

• Encourage students to change study habits when 

performing poorly rather than just studying more. 

• Implement several assessments to allow students to 

improve over the term.

Many studies have shown that it takes several years for 

students to change their attitudes towards learning. A 

specific course or activity is, therefore, unlikely to 

contribute to a change on its own. Nevertheless, small 

changes in course structures, assessments, classroom 

activities and emphasis throughout an entire program may 

significantly impact students’ mindsets by the end of their 

degree.
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Figure 1. a) Students who started the term with a low (<60%) 

mindset score. b) Students who started the term with a high  

(>60%) mindset score. * <0.05 ** <0.01 ***<0.001

a

b
Growth 

mindset 

>60%

Fixed 

mindset 

<60%

P-value

Class participation 

(clicker participation)
95% 90% >0.05

Final grade 79% 76% >0.05

Testing while studying 

(yes/no)
89% 66% 0.008

Changing of study 

habits when 

performing poorly 

(yes/no)

79% 52% 0.02

Table 1. Comparing students with a growth vs. fixed mindset. 



• Consent rates were high (>90%), indicating 
that most students were willing to have their 
data used

• A low percentage of students (27%) chose to 
watch the meiosis animation

• Watching the meiosis animation did not 
improve test scores

• Student grades did not improve between the 
pre- and post-test, even though the topic had 
been fully covered in class between the two 
assessments

• The low completion rate of the IMMS online 
survey (6 students) suggests that interviews 
or focus groups with incentivization may be a 
better approach to evaluate student 
perceptions 

Overall, our results may indicate that most 
students are not motivated to use learning tools 
independently without a clear incentive.  
Participation in the assessments and activities 
that formed this study was not incentivized and 
test results did not contribute to student 
grades. 

Can a short meiosis animation 
support student learning?
(Not if they won’t watch it)
Melissa Hills, Kathy Davies, Carolyn Ives

Introduction

Results

Conclusions

Meiosis is the foundation of heredity, and a core 
concept in genetics. It is also a concept that is 
challenging for students to master, and ingrained 
misconceptions are common (1). Meiosis is a 
dynamic process, and traditional lecture formats 
alone are not effective in maximizing student 
learning. Tools such as animation can support 
different learning modalities. There is evidence that 
videos may support student understanding of 
challenging biology topics (2-4) and that students 
perceive videos as valuable to their learning (5-6). We 
developed a short, engaging meiosis animation to 
supplement regular instruction. In addition to 
evaluating whether the animation improved student 
understanding of meiosis, this research assessed 
whether students perceived the animation to be 
useful to their learning. Two similar study designs 
were used: in the first “Controlled” design, students 
viewed the animation in class; in the second “Self-
Directed” design, students received animation access 
online to view independently. This research aimed to 
explore the dynamic relationship between academic 
performance, understanding of meiosis, and learner 
behaviour. 

Methods

In the “Controlled” study, 42 students viewed the 
animation before the post-test and 49 did not.  In the 
“Self-Directed” study, 114 students had access to the 
animation before the post-test, but only 21 viewed it 
(Figure 1). After the post-test all students received 
access to the animation and overall 57 of the 212 
students (27%) watched the animation at some point 
during the term in the “Self-Directed” study.
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Description of the two study designs:

1.  “Controlled” animation usage

All students completed the pre-test in class. A 
week later all students received a 30 minute 
lecture from one of the researchers and were 
encouraged to take notes. Students then had 30 
minutes to independently review their notes. At 
this time half of the students (randomly assigned) 
viewed the animation on a laptop with 
headphones, along with their notes. Immediately 
after this review period the post-test was 
administered. 

2.  “Self-directed” animation usage

The design was similar to the first, but students 
received typical classroom instruction on meiosis 
with various instructors. The animation was 
released randomly to half of the students through 
the online learning environment, BlackBoard. 
Therefore, review of the concept and viewing of 
the animation was done independently by 
students. 

In both study designs the animation was released to 
all students after the post-test. The pre- and post-
test did not contribute to student course grades.

Screen grab from meiosis animation showing homologous 
chromosomes 

In both study designs there was no improvement in 
test scores after classroom instruction on meiosis. 
Furthermore, there was no difference in the test 
scores of students that watched the animation vs. 
those that did not (Figure 2). 

Figure 1: Few students with access to the animation watched it to 
prepare for their post-test  

Figure 2: Boxplot showing no difference in the change in test scores 
between students who watched vs. did not watch the animation
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Screen grab from meiosis animation 

MacEwan University is a learner-focused 
undergraduate university in Edmonton, Alberta, 
Canada. Meiosis is taught in Biology 207: Principles 
of Genetics, which is required for all Biology Majors 
in the BSc program. Data collected included pre- and 
post-test results of a validated meiosis concept 
inventory (1), animation usage data (Kaltura), 
demographic data, course grades, and student 
surveys. The survey was a validated “Instructional 
Materials Motivation Survey” (7). Data was collected 
in the Winter, Spring and Fall terms of 2017 and in 
the Winter and Spring terms of 2018. A total of 303 
students consented to have their information used in 
this study. 



The correlation between marks on multiple choice and written questions on 
first year evolution and diversity final exams
Kevin Judge, Mrinal Das, Gordon Youzwyshyn, Department of Biological Sciences, MacEwan University

ResultsIntroduction Results Continued

• Undergraduate educators are faced with a challenge: how to 
adequately assess student learning while balancing all the other 
demands on our time.

• For exam testing, one solution to this tradeoff is the use of 
multiple choice (MC) questions due to the ease of grading, 
despite the problems associated with this format.

• Instructors in MacEwan’s first year evolution and diversity class 
(BIOL108: Organisms in Their Environment) use a majority of 
MC questions on final exams.

Research Questions:
1. How strongly correlated are marks on MC and SA 

questions?
2. Is the correlation between MC and SA marks skewed in 

favour of one question category, and if so, is that skew 
consistent across the grade distribution?

3. Has the correlation changed over time?

Methods • Student marks on the MC and SA portions of their final exams 
were positively correlated (Fig. 1).

• However, the shape of this correlation did not conform to our 
null hypothesis of MC = SA (Fig. 2) and appears to be declining 
in strength over time (Fig. 3).

• Students at the lower end of the final exam mark distribution 
did better on the MC portions of their exams relative to the SA 
portions, whereas the opposite was true for students at the 
upper end (Fig. 2).

• Qualitatively, the directions of these patterns were consistent 
across instructors, although there were statistically significant 
differences amongst instructors in things like average final exam 
marks and MC:SA correlation strength, but not average MC 
mark (Table 1).

• These results suggest that replacing SA (written) questions with 
MC questions should be approached with caution as SA 
questions appear to be better discriminators of variation in 
student learning.

Correspondence: judgek3@macewan.ca

** p < 0.01

Table 1: Summary statistics (Mean±SEM) for first year evolution and diversity final exams over a ten-
year timespan (2010 to 2019). Values that do not share the same letter are different at p < 0.01.

  Instructor   

Variable 1 2 3 Total 

Number of Students 1070 863 716 2649 
Number of Sections 21 16 14 51 
Multiple Choice (MC) Mark (%) 59.0±0.4a 59.9±0.4a 59.0±0.5a 59.3±0.3 
Short Answer (SA) Mark (%) 56.7±0.6a 64.8±0.8b 51.1±0.7c 57.9±0.4 
Final Exam Mark (%) 58.1±0.5a 61.5±0.5b 55.8±0.6c 58.6±0.3 
Pearson Correlation (MC vs SA) 0.812a 0.718b 0.803c 0.752** 
Proportion of Final Exam made up of MC (%) 59.1±0.0 58.8±3.5 58.9±0.2 59.0±1.1 

 

Discussion

Figure 3: Scatterplot of the correlation between SA and MC marks over time. Correlations for all 
years were statistically significant at p < 0.01. The least-squares regression line is not statistically 
significant (F1,8 = 4.338, p = 0.071).

• We gathered grade summaries for all students who had taken 
BIOL108 with 3 instructors from winter 2010 to winter 2019.

• We removed all identifying information except for student id 
number, which was used to exclude any record of a student who 
repeated the course.

• MC questions uniformly had 5 options, except for a minority of 
true/false questions.

• SA questions included a wide range of question types, from fill-
in-the-blanks to longer answer formats.

• MC and SA marks were calculated as the percentage of the 
marks available for each portion.

• We calculated each student’s deviation from the null hypothesis 
of MC = SA by subtracting the MC mark from the SA mark.

• All statistical analyses were two-tailed at alpha = 0.05 and 
carried out in IBM SPSS Statistics Version 25.

Figure 1: Scatterplot of student marks on the short answer vs multiple choice portions of their final 
exams. The line indicates the null hypothesis, where SA = MC.

Figure 2: Scatterplot of the difference between student marks on the short answer and multiple 
choice portions vs their final exam mark.  



While midterms are a common assessment tool, they may also act as a learning tool. Our study considers whether a second 
midterm can improve student learning outcomes, and if low- and high-achieving students are differentially impacted. The 
conditions under which a midterm acts as an effective learning tool are defined by research on the testing effect and 
frequency effects. 

Testing Effect = retrieval practice improves long-term memory better than re-exposure1,2,3

• May depend on cognitive abilities of students4

Frequency effect = increasing test frequency increases student achievement on final exams5,6,7

• Low-achieving students may benefit more than high-achieving students8

Our hypotheses:  Students in courses with two midterm exams will show greater improvement on their final exam score 
relative to their midterm exam score than students in courses with a single midterm exam. Additionally, low-achieving 
students will disproportionately benefit from two midterm exams. 

Introduction

The Impact of a Second Midterm on Students’ Learning Outcomes

Our study had a 2 (midterm: one or two) x 2 
(achievement level: high or low) x 2 (course level: first-
year or third-year) between-subjects design.

We analyzed courses taught by a single instructor 
between 1990 and 2018. 

• 4 x first-year cell biology
• 2 x third-year cell biology
• 2 x third-year biochemistry I
• 2 x third-year biochemistry II

Courses were chosen to minimize differences in weight 
distribution and class structure (e.g., quizzes, term 
papers, lab components), thereby reducing confounds. 

We combined students into a single first-year cohort (N
= 114) and a single third-year cohort (N = 82) and 
compared difference scores (i.e., final exam score minus 
midterm exam score).

A median split was used to determine low- and high-
achievers.

Students in the one- and two-midterm conditions did not 
differ in academic ability at the beginning of term. 

Methods

First-year students were positively impacted by a second 
midterm while third-year students were not (Figure 1).
• First-year students who received a second midterm 

did not perform as poorly on their final exam relative 
to their first midterm exam compared to those who 
wrote only one midterm. 

• Third-year students may have reached a level of 
independent learning in which additional retrieval 
practice has no impact. Their study strategies may 
already include retrieval practice. 

• In contrast, first-year students may benefit from this 
mandatory retrieval practice if they are less likely to 
incorporate retrieval into their own study routines. 

Low- and high-achievers do not benefit from a second 
midterm in a unique way. 
• This result is unexpected, and suggests that initial 

academic achievement level and learning ability have 
a more complicated relationship than we anticipated. 

Our results suggest that a second midterm is beneficial 
in first-year courses. 

Discussion

Results
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Figure 1. The impact of course level and number of midterms on difference scores (final minus the first 
midterm exam score). ANOVA results indicate a significant interaction effect between course level and 
number of midterm exams, F (1,188) = 4.137, p = .043. Error bars represent standard error of the mean. 
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Promoting a Culture of Learning Through a Learning 
Philosophy Assignment: First-Year Biology

Kelly Keus and Neil Haave, PhD
Augustana Campus – Camrose, Alberta, Canada

METHODS

RESULTS
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INTRODUCTION

REFERENCES

Performance goals, which focus on grades, often lead 
to superficial learning1; whereas mastery goals, which 
focus on learning, lead to better academic 
performance and deeper learning2. Metacognition 
(thinking about your own thinking) mediates the 
relationship between mastery goals and academic 
achievement2. Metacognition has been shown to 
directly improve student learning outcomes3,4. To 
promote a learning culture that moves beyond 
immediate performance, we developed a learning 
philosophy assignment (LP) which cultivates students’ 
metacognition. The LP prompts students to evaluate 
what, why, and how they learn, as well as how their 
current learning is linked to their future goals. Our 
study questions were: 

1. Does the LP improve students' specific learning 
outcomes (i.e., exam performance)?

2. Does the LP improve students’ general learning 
outcomes (i.e., intellectual development)?

 The LP had an inconsistent effect on first-year biology students’ specific and general learning outcomes 
 In Fall 2015, the LP rescued students’ intellectual development; CCI in the +LP condition increased slightly (M = 1.63) 

whereas it decreased significantly in the -LP condition (M = -28.36)
 In Fall 2016, the LP improved exam scores; students in the +LP condition had a better final exam score relative to 

their midterm (M = 5.56) whereas students in the -LP condition had a poorer final exam result (M = -5.83)
 In Fall 2017, there were no significant differences on either measure, but paired t-tests found significant increases in 

the final exam marks in both conditions; typically students perform more poorly on their final exam6

 Is the introduction of a new first-year seminar (FYS) in Fall 2017 responsible for the improvement? 
 FYS promotes exam preparatory skills that could mask the LP effects7

 FYS aids students’ transition into post-secondary school and may stabilize intellectual development amid major life 
changes

 Metacognitive interventions, similar to FYS, are particularly beneficial to low-achieving students7,8

 Is there a limit to the impact that a metacognitive intervention and a high-impact teaching practice can impart on a first-
year student in a single semester? 

DISCUSSION
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We are grateful to have received a grant from the University of Alberta’s Teaching and Learning Enhancement Fund to make this project possible. We are also indebted to the students who shared their 
learning philosophies with us.

Figure 1. Exam mark difference score comparison: Fall 2015 (-LP N = 29, +LP N = 19); Fall 2016, t(16) = -2.18, p = 0.04 (-LP N = 4, 
+LP N = 8); Fall 2017 (-LP N = 26, +LP N = 38).

Figure 2. CCI difference score comparison: Fall 2015, t(45) = -2.15, p = 0.02.
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 The Learning Environment Preferences (LEP) 
survey returns a cognitive complexity index (CCI) 
indicating level of intellectual development on the 
Perry Scheme5

 We compared differences in difference scores 
using one-tailed t-tests between conditions (+/- LP)
 Exam mark difference score: final minus 

midterm
 CCI difference score: post-CCI minus pre-CCI

 A qualitative analysis confirmed that the LP 
successfully induced metacognition 

Significant
2015 2016 2017

2015 2016 2017
Significant



USING THE ONLINE PLATFORM KAHOOT FOR MORE THAN JUST REVIEW;
SURVEY STUDENTS TO ENCOURAGE GOAL SETTING, REFLECT ON LEARNING, 

AND PROVIDE TEACHING FEEDBACK

Amy Tessier M.Sc. Biological Sciences, 
Arts and Science MacEwan University
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would like to see more of the following

38%

31%

16%

15%

I feel I ha ve im proved
a s a  sc ienc e s tudent

I feel I ha ve lear ned
s om ething a bout
biology

I feel tha t I ha ve not
been suc c ess ful

I feel I ha ve been
s uc c ess ful

42%

28%

20%

10%

m y und er sta nding of
the proc ess  of s c ience

m y know ledge level

m y gra des

m y feelings

33%

26%

20%

21%

rea d over the m anua l
a nd m ake notes

rev iew  t he la b
experim ent da ta a nd
c onnec t it to the
c oncept

do a ll the ques tions
a nd have a nsw ered
c hecked

go through the
pow erpoint
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Why are you taking this lab/course?
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Why are you taking this lab/course?
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What do you expect to learn in this lab?
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What do you expect to learn in this lab?

17%

22%

28%

33%

"that was easy :)"

"hmmm ??.. ...eur
eka! !"

"Here.. . let me
explain th at to
you ..."
"I re member
that !"
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How will I evaluate your learning?
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What is your most reliable method for learning materials/concepts? or 
What is your approach to studying?

1%

99%
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How long did Assignment #1 take you?

that 
wa…

that 
was 
an …

that was 
harder than I 

expected
great!... now I have a template for my 

lab report

that was a waste of my time
that was an easy mark
that was harder than I expected
great!... now I have a template for my lab report

It w
as not 

useful

It could be 

mor useful 

with a few 

changes

It was very 
useful

FEEDBACK

ASSIGNMENT

LET’S THINK ABOUT IT!
Figure 1. Encouraging presence 
and connection to motivation. 
Question 1 (upper left) and 2 
(lower left) of a four question 
survey (W18 – 2 sections, n=44). 
Question 1 (upper right) and 2        
(lower right) of a six question 
survey (F18 and W19 – 6 sections, 
n=136/137). Students surveyed 
immediately post course 
administration, students use their 
cell phones to answer questions in 
online platform. Program requisite 
and interest in biology greatest 
motivation for taking course, and 
most expected learning to be 
technical skills and biology 
concepts. 

Figure 1. Reflection on the felling of 
learning and evaluation of learning. 
Question 4 (graph left) and 3 (pie right) of 
survey (W18 through W19 – 8 sections, 
n=174/176). Remembering information 
most chosen for feeling associated with 
learning, and requirement for answering 
applied questions regarded as most 
expected learning evaluation.

Figure 1. Various study 
approaches and 
reflection of approach 
success. Question 5 (graph 
left) of survey (F18 – 4 sections, 
n=91) and  W19 – 2 sections,  
n=38/42). Question 6 (pie 
right) of survey (F18/W19 – 6 
sections, n=135). Asking 
questions in class not 
considered reliable study 
method. Nearly 100% of 
students feel their method of 
study is effective.

………first lab 4-6 questions

Figure 1. Getting teaching style feedback from students, encouraged reflection on learning and 
upcoming final exam study. Questions 1-4 (upper left graph) of survey (W18 and W19 – 5 sections, n=92/93) and 
Question (upper right graph) of survey (W18 and W19 – 5 sections, n=93).  Above 85% responded ‘yes’ for the 
usefulness of Kahoot Quizzes, Pre-lab discussion and Powerpoint slides. Majority choice for ‘more of’ in lab was class 
review and results explained (55.9%). Questions 6, 7, 8 (pie charts) of 6 question survey (W19 – 2 sections, n=39/40).  
Question 6. “When I reflect on my early goals and expectation for learning in this class….”38% of students feel they 
have improved as a science student. Question 7. “I am basing my response to the previous question on…” 42% of 
students responded to reflection on learning based on their understanding/or lack of the process of science. Question 
8. “My approach to study for this final exam will be….”  33% of students planned to study for the final by reading the 
manual and making notes.

5-8 questions last lab…......

Figure 1. Summary of 6 question survey to investigate logistics and attitudes on new assignment. 
Survey given to students the day they handed their assignment in. Assignment was to read a scientific article and identify 
(highlight) introduction components, and to mark using an excel RUBRIC three mock student lab reports. Assignment was 
out of 2 marks (0.5 per item) and worth a total of 1% of their grade. A. assignment took less than 4 hours and 1-2 hours for 
the majority of students. B/C. Students found the lab report grading the most interesting and useful in comparison to the 
article highlighting. D/E. Feelings regarding usefulness of the lab report grading was more positive overall. F. Overall the 
assignment was perceived as useful, possibly with some changes.

that was a 
waste of 
my time

that 
was 
an 

easy 
mark

that was a new 
experience for me

I know have a better 
understanding of 

articles

that was a waste of my time
that was an easy mark
that was a new experience for me
I know have a better understanding of articles

Q.1 Q.1

Q.2 Q.2

Q.4
Q.3

Q.5 Q.6

yes

A B

C

D

E

F

Q.1-4 Q.5

Q.6 Q.7 Q.8

It is a requisite                I like biology.           I don’t know.            I am not sure for 
my degree                                                                                    what I want to 
program.                                                                                           do yet.

I am interested                It is a pre- I want to get a      Not sure yet, but in 
biology.                          requisite for              degree so I can    I needed to start  

most degrees.            get a job.               somewhere.

you will                        you will                       you will                  you will   
remember the           understand the                 communicate      successfully     

answer                          question                      the answer          answer an 
applied question

ask question                read over                focused study for        make notes from          answer all         engaging in the 
in  class                          the manual              5-7 days before                 textbook and          practice problems     material on a       

the exam/quiz              lecture/lab info          available                  continual basis

Technical Lab              Biology               How to solve a problem       Nothing         
skills                           concepts   

Technical Lab              Biology               How to solve a            Time  management        
skills                           concepts                  problem                         skills

Kahoot Quizzes       Pre-lab discussions             Powerpoints Blackboard Questions class review and              practice questions                 procedure explanation           group/partner review      
explanation of results     to do on  my own                        from instructor                         activities        

less than an hour       1-2 hours                  3-4 hours           more than 4 hours

orange =  highlighting     
article components
yellow = grading 3 lab 
reports

“That was easy!”

“Hmmmm….. 
eureka!”

”Here, let me 
explain that to 
you…”

“I remember that!”

I feel I have improved 
as a science student

I feel I have learned
something about
biology

I feel that I have not
been successful

I feel that I have been
successful

my understanding of 
the process of 
science

my knowledge level

my grades

my feelings

read over the manual 
and make notes

review lab 
experimental data 
and relate to 
concepts

so all the questions 
and have answers 
checked

go through the 
powerpoints
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