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ABSTRACT

The approach that students take in their studies at university is critical not only for their academic
success but is equally important in life-long learning for their career and professional development.
Cognitive science has demonstrated that re-testing oneself on material when learning, enhances and
promotes greater retention of knowledge compared to rereading the material. Learning that is spaced
out over multiple study sessions also allows for greater retention of knowledge in the longer-term
compared to ‘cramming’ of information. A pilot survey study with first- and second-year
undergraduate students (n=135) at a university in Spain and in the UK was carried out to investigate
the study strategies and habits prevalent in these cohorts and the extent of metacognitive awareness
of such evidence-based study approaches. It was found that most students endorsed self-testing but
also suboptimal study methods such as re-reading, copying notes, underlining and highlighting
material. There was evidence of metacognitive awareness with retrieval practice and distributed
practice reported for both cohorts in Spain and the UK.
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Study habits and approaches to study are important in higher education particularly where
independent adult learning is encouraged and promoted. The decisions made by students can directly
influence educational outcomes such as academic performance and attrition. Metacognition, the
ability to know, monitor and regulate knowledge during studying is an important skill.! There is a
growing research base that supports effective study strategies with much evidence on distributed
practice and retrieval practice. Retrieval of information or the testing effect produces large gains in
long-term retention relative to rereading and restudying of material. 2 A study using general scientific
material found that students in the repeated-testing condition recalled more after a week compared to
students in the repeated-study condition (61% vs 40%).3 The repeated-study condition group read the
material 14.2 times compared to 3.4 times in the repeated-testing condition group. Distributed
practice or the spacing effect where study periods are spaced out over time shows enhanced learning
as opposed to cramming study in a single session.4 This effect has a long history of research extending

back to Ebbinghaus and his classical memory studies which have been replicated. 5 Despite the
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effectiveness of retrieval practice and self-testing, it is found that when students are self-studying,
they do not implement these strategies. ©

Research by Hartwig and Dublosky 7 on the study strategies of US college students found that
testing, rereading and cramming are commonly reported study strategies with higher performing
students more likely to choose effective study strategies and have greater awareness on the benefits of
self-testing. Geller et al 8 obtained similar results with a slightly modified survey instrument. They
found that avoidance goals (e.g. fear of failure) coincided with increased cramming and students were
more influenced by impending deadlines than by a planned study schedule.

The importance of what students are thinking when studying rather than what they are doing is an
important consideration. Metacognitive awareness in relation to the benefits of retrieval practice and
distributed practice confirms that students are not necessarily implementing such effective study
approaches. It was reported for general chemistry students that all were consistent in their reports of
amount of quality time studying but there was a difference in the use of a practice exam as a
resource.® The research evidence suggests that students can underpredict their learning and
discontinue studying and succumb to ‘stability bias’. 10 At risk students in general chemistry self-
reported via text message their frequency of studying throughout the term and not surprisingly from a
multiple regression analysis, high frequency of studying could mitigate at risk status on final exam
scores. Interviews of six at-risk students found that the quality of studying was not linked to the
frequency of studying. 1!

A study survey by Blasiman et al 12 that considered the study strategies, hours of study and
distribution of study over time found that initially, intentions to use effective strategies were evident
but during the semester, students relied on relatively ineffective strategies and crammed studying
ahead of an exam. An established survey 7 was used in a pilot study with undergraduate students in
chemistry modules at a university in the UK and in Spain. Previous studies have focused on
psychology”- 13. 14 and biology courses & and it was of interest to explore the reported study strategies
and habits among students studying chemistry courses in two distinct geographical locations.

Research Question: What differences in metacognitive awareness of effective study approaches

exist between undergraduate students at a university in the UK and Spain?
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METHOD
The modified survey of 11 questions® was administered as a paper-based survey during class

sessions to first- and second-year undergraduate students at the University of Hertfordshire, UK and
Universidad Castilla-La Mancha, Spain. All students involved were studying on general applied
chemistry programs: Food Technology (1st year Spain), Chemical Engineering (274 year Spain),
Pharmaceutical Science (1st year UK) and Pharmacy (274 year UK). The sample of students and course
details are as follows: 1st year UK, Foundations of Pharmaceutical Chemistry (n=34), 1st year Spain,
Food Technology (n=16), 2nd year UK, Pharmaceutical and Chemical Analysis (n=49) and 2rd year
Spain, Chemical Engineering (n=36). Demographic data questions for gender and age were also
included in the survey instrument. The research project was approved by the ethics board at the

University of Hertfordshire.

RESULTS AND DISCUSSION
A total of 135 first- and second-year undergraduate students in the UK and Spain were surveyed

on their study approaches. Of the 135 students, 66.7% (n=90) were female, 25.9% (n=35) male and
7.4% (n=10) did not specify. The ages reported ranged from 18 to over 25; 13.4% (n=18) were 18 years,
65.7% (n=88) ranged between 19-21 years, 14.9% (n=20) were between 22-25 years and 6% (n==8)
reported to be over the age of 25. The results were evaluated comparing the cohorts from the UK and
Spain. Table 1 shows the survey results for Q1-10.

Table 1. Study approaches questionnaire (Q1-10) and
percentage responses for students in Spain and in the UK

Question Answer Options Percentage Percentage
responses for responses for
students in students in
Spain UK
Would you say that you Yes 17.3% 9.6%
study the way you do No 82.7% 90.4%

because a teacher (or
teachers) taught you to
study that way?

How do you decide Whatever’s due 40.4% 61.4%

what to study next? soonest/overdue 1.9% 9.1%
[l Whatever I haven’t studied

for the longest time 1.9% 3.4%

Whatever I find interesting 28.8% 13.6%

Whatever I feel like I’'m

doing the worst in 26.9% 12.5%
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Do you usually return
to course material to
review it after a course
has ended?

All other things being
equal, what do you
study more for?

When you study, do you
typically read a
textbook/article/other
source material more

than once?

If you quiz yourself
while you study (either
using a quiz at the end
of a chapter, or a
practice quiz, or
flashcards, or
something else), why do
you do so?

Imagine that in the
course of studying, you
become convinced that
you know the

answer to a certain
question (e.g., the
definition of a term).
What would you do?

What time of day do you
most often do your
studying?

During what time of day
do you believe your
studying is (or would
be) most effective?

Which of the following
best describes your
pattern of study?

I plan my study schedule
ahead of time, and I study
whatever I've scheduled

Yes
No

[l Essay/short answer exams
Multiple-choice exams
About the same

Yes, I re-read whole
chapters/articles

[ Yes, I re-read sections that I
under-lined /highlighted /
marked

Not usually
[ I learn more that way than I
would through rereading

To figure out how well I
have learned the information
I'm studying
0 I find quizzing more
enjoyable than reading

I usually do not quiz myself

Make sure to study (or test
yourself on) it again later

Put it aside and focus on
other material

[J Morning
[ Afternoon
Evening

Late night

[J Morning
Afternoon
Evening

[ Late night

[ I most often space out my
study sessions over multiple
days/weeks

I most often do my studying
in a couple of sessions before
the test
[ I most often do my studying
in one session before the test

19.2%
80.8%

30.8%
3.8%
65.4%

15.4%
40.4%
44.2%

15.4%

S57.7%
5.8%

21.2%

75.0%
25.0%

5.3%
15.8%
57.9%
21.1%

32.7%
7. 7%
50.0%
9.6%

63.5%
34.6%
1.9%

45.1%
54.9%

29.3%
14.6%
56.1%

22.9%
39.8%
37.3%

20.0%
50.6%
10.6%
18.8%

63.9%
36.1%

16.4%
17.2%
34.4%
32.0%

36.7%
16.5%
25.7%
21.1%

47.1%
42.4%
10.6%
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Most of the students, both in the UK and Spain (87.4%, n=118) reported that the study strategies
they employed were not taught to them previously by teachers. In relation to organization of study and
what to study next, 61.4% (n=54) of the UK students indicated to prioritize their study around
upcoming deadlines and whatever is due soonest. This was also the priority for the students in Spain.
A higher response from students in Spain was reported in relation to studying what they were doing
worst in (28.8%, n=15) compared to students in the UK (13.6%, n=12). Using a plan and schedule to
prioritize study was also reported higher for students in Spain compared to the UK. Research shows
that a significant proportion of students’ study decisions largely tend to be influenced by upcoming
deadlines. 7.8 14 The first-year students in Spain responded highest for ‘whatever I feel like I'm doing
the worst in’ (50%, n=8) whereas whatever was due soonest was highest for the first-year (45.7%,
n=16) and second-year students (71.7%, n=38) in the UK and the second-year students in Spain
(44.4%, n=16). The second-year students in Spain also scored planning study ahead of time highly
(30.6%, n=11) compared to the second-year students in the UK (11.3%, n=6). Students in the UK have
summative assessments throughout the year (progress test, laboratory reports, assignments) and a
final exam at the end of the year (contributing 50%). In Spain, students are assessed with formative
tests, laboratory experiments and a final summative exam at the end of the year (contributing 70%).
Students in both cohorts have a schedule of deadlines that appears to drive decisions on what to
study next.

Returning to review course material was not the predominant strategy reported by students in
both the UK and Spain. Only 19.2% (n=10) of the students in Spain reported to return and review
compared to 45.1% (n=37) of the students in the UK. Previous research showed that most
undergraduate students in the US did not usually return to review course content after it had ended. 7
8 The results obtained from this current study may be explained by the curriculum design of the
courses in the UK and Spain. In the UK, the courses are integrated throughout a programme of study
where aspects of learning are taught and contextualised to other topics both across a year of study
and between years of study. This focus to support a deeper approach to learning where concepts are
developed in a more complex manner, facilitating integrative learning of course content throughout the

undergraduate degree. For the students in Spain, the Food technology and Chemical engineering
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courses are taught to students as an individual topic. The links and connections within courses are

not explicitly emphasised to students so it is possible that the students treat the courses as unrelated

pieces of knowledge.

When students study most often and students’ beliefs about the most effective time of day

illustrated some interesting points. Figure 1 illustrates the responses reported for each cohort.
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Figure 1. Responses for cohorts in Spain and the UK to the survey questions ‘What time of day do you most often do your studying?’ and
‘During what time of day do you believe your studying is (or would be) most effective?’
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Fewer students in both the UK and Spain reported that they most often studied in the morning
and the evening was most popular time window followed by late night. Both cohorts believed that
studying in the morning is most effective (top response for students in the UK and second for students
in Spain) and this response is higher than the actual morning-time study reported.

Variations between the cohorts may be due to individual differences and scheduling differences
between students in the UK and Spain. In Spain, the food science and technology course are taught
lectures daily from 9am to 2pm and are scheduled laboratory sessions throughout the week which run
for four hours after their lectures. Hence, the students are available in the evening and late night for
their independent studying. The schedule of students in the UK is more flexible with a varied schedule
each day including some days with fewer scheduled activities or gaps between scheduled activities.

Cramming studying in one session before a test was the lowest response reported across both
cohorts. In the UK, almost half the students space out studying over days/weeks but equally 42.4%
(n=36) study in a couple of sessions before the test. In Spain, 63.5% (n=33) space out their studying
over days/weeks with 34.6% (n=18) studying in a couple of sessions before the test. Table 2 shows the

study strategies used regularly from Q11 of the survey.

Table 2. Study strategies (Q11) reported for students in Spain and the UK

Which of the following study Number of responses Number of responses
strategies do you use regularly? (percentage) for students (percentage) for students
(Please check off all that apply). in Spain in UK
Test yourself with questions 30 (57.7%) 52 (62.7%)

or practice problems
Use flashcards 5 (9.6%) 21 (25.3%)
Recopy your notes 23 (44.20/0) 50 (60.20/0)
] Reread chapters, articles, 31 (59.6%) 40 (48.2%)
notes, etc.
] Make outlines 25 (48.1%) 18 (21.7%)
Underline or highlight while 42 (80.8%) 45 (54.2%)
reading
1 Make diagrams, charts, or 6 (11.5%) 38 (45.8%)
pictures
) Study with friends 17 (32.7%) 28 (33.7%)
“Cram” lots of information
the night before the test 9 (17.3%) 34 (41.0%)
[Ask questions or verbally 8 (15.4%) 12 (14.5%)

participate during class
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" Other 0 2 (2.4%)

Please describe: .
Watch videos

When asked about specific study strategies adopted regularly, the highest reported strategy in
Spain (third highest in the UK) was underlining or highlighting while reading. For the UK students, the
highest reported strategy was testing with questions or practice problems. Over half the students
(60.2%) in the UK are recopying their notes. Students in the UK are recommended textbooks for
reading and the lecture slides are available to view and download via the online portal. These
combined with notes taken during the lecture are the possible sources for their notes. With reading a
textbook/article/other source material more than once (Q5 survey), both cohorts indicated two
patterns with students re-reading sections that they highlighted or not usually re-reading material
more than once.

The number of responses in the UK (62.7%, n=52) and in Spain (57.7%, n= 30) for using test
questions and practice problems was high and supported by Q6 in the survey where half of the
cohorts used this approach to test their learning. Self-testing strategies such as testing with practice
problems or questions are one of the top three study strategies used across both cohorts. Over half of
the cohorts reported this strategy to figure out how well they have learned the information. However,
while the majority did self-test, 21.2% (n=11) of students in Spain and 18.8% (n=16) of students in the
UK reported that they did not usually test themselves. Similarly, research on US undergraduate
students reported testing as a method to evaluate what they have learned. 7.8. 10

Students in the UK, compared to Spain, reported higher to making diagrams, charts pictures
(45.8% vs 11.5%) and cramming before the test (41% vs 17.3%). The use of underlining or highlighting
while reading was reported higher for students in Spain (80.8% vs 54.2%) as was makes outlines
(48.1% vs 21.7%).

Fewer UK students (14.5%, n=12) and Spanish students (15.4%, n=8) indicated to ask questions
and verbally participate in class. A survey study by Bowers 16 found that 70% of students reported

having the experience of classroom communication apprehension. There are several reasons that have
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been shown to contribute to non-participation in class; logistics (class size, timings), intimidation and

communication apprehension, personality traits of students and instructor/classroom climate. 17, 18
Incorporating distributed practice and retrieval practice were evident from the highest reported

response in relation to a question on returning to material (e.g. the definition of a term). This differs to

previous research where most students put it aside and focused on other material.”

IMPLICATIONS OF FINDINGS AND CONCLUSION
In this pilot survey study of students in Spain and the UK, there is evidence of metacognitive

awareness in relation to effective study methods such as self-testing (retrieval practice) and spacing
out study sessions (distributed practice). However, some students are not, instead they are using
suboptimal methods of study such as recopying notes, rereading material and cramming. Previous
research that examined study approaches and achievement found that low performers were likely to
rely on impending deadlines rather than planning and were also more likely to engage in late night
studying. Higher performers endorsed self-testing and planned their studying ahead of time. 7-8 15
There are some implications for future research in relation to individual differences in students’
approaches to studying. It is not clear if students are indeed aware of effective study strategies which
create ‘desirable difficulty’ but choose suboptimal and less demanding methods closer to exams. With
the global COVID-19 pandemic and the pivot to online delivery of teaching and assessment, the impact
on students’ study habits and strategies is not clear. The inclusion of study strategies in curricula
would help inform students of evidence-based practices and perhaps increase the influence of the

teacher in the way that students approach their studying.

AUTHOR INFORMATION
Corresponding Author
*E-mail: s.fergus@herts.ac.uk

ACKNOWLEDGMENTS
The authors would like to thank their students (perhaps you can mention something re your

faculty?/pedagogy group?

Journal of Chemical Education 10/28/21 Page 10 of 12



REFERENCES
195 1. Livingston, J. A., Metacognition: An Overview. 2003

https:/ /files.eric.ed.gov/fulltext/ED474273.pdf (accessed Feb 2021)

2. Roediger III, H. L.; Butler, A. C., The critical role of retrieval practice in long-term retention.
Trends in cognitive sciences. 2011, 15 (1), 20-27.
3. Roediger lii, H. L.; Karpicke, J. D., Test-enhanced learning: Taking memory tests improves
200 long-term retention. Psychological Science. 2006, 17 (3), 249-255.
4. Cepeda, N. J.; Pashler, H.; Vul, E.; Wixted, J. T.; Rohrer, D., Distributed practice in verbal
recall tasks: A review and quantitative synthesis. Psychological bulletin. 2006, 132 (3), 354.
S. Murre, J. M. J.; Dros, J., Replication and analysis of Ebbinghaus’ forgetting curve. PloS one.
2015, 10 (7).
205 6. Karpicke, J. D.; Butler, A. C.; Roediger, H. L., 3rd, Metacognitive strategies in student learning:
do students practise retrieval when they study on their own? Memory. 2009, 17 (4), 471-9.
7. Hartwig, M. K.; Dunlosky, J., Study strategies of college students: Are self-testing and
scheduling related to achievement? Psychonomic Bulletin and Review. 2012, 19 (1), 126-134.
8. Geller, J.; Toftness, A. R.; Armstrong, P. I.; Carpenter, S. K.; Manz, C. L.; Coffman, C.; Lamm,
210 M. H., Study strategies and beliefs about learning as a function of academic achievement and
achievement goals. Memory. 2018, 26 (5), 683-690.
9. Chan, J. Y.; Bauer, C. F., Learning and studying strategies used by general chemistry students
with different affective characteristics. Chemistry Education Research and Practice. 2016, 17 (4), 675-
684.
215 10. Kornell, N.; Bjork, R., Optimising self-regulated study: The benefits-and costs-of dropping
flashcards. Memory. 2008, 16 (2), 125-136.
11. Ye, L.; Shuniak, C.; Oueini, R.; Robert, J.; Lewis, S., Can they succeed? Exploring at-risk
students' study habits in college general chemistry. Chemistry Education Research and Practice. 2016,
17 (4), 878-892.
220 12. Blasiman, R. N.; Dunlosky, J.; Rawson, K. A., The what, how much, and when of study

strategies: comparing intended versus actual study behaviour. Memory. 2017, 25 (6), 784-792.

Journal of Chemical Education 10/28/21 Page 11 of 12


https://files.eric.ed.gov/fulltext/ED474273.pdf

13. Morehead, K.; Rhodes, M. G.; DeLozier, S., Instructor and student knowledge of study
strategies. Memory. 2016, 24 (2), 257-271.
14. Kornell, N.; Bjork, R. A., The promise and perils of self-regulated study. Psychonomic Bulletin
225  and Review. 2007, 14 (2), 219-224.
15. McAndrew, M.; Morrow, C. S.; Atiyeh, L.; Pierre, G. C., Dental Student Study Strategies: Are
Self-Testing and Scheduling Related to Academic Performance? Journal of dental education. 2016, 80
(5), 542-552.
16. Bowers, J. W., Classroom communication apprehension: A survey. Communication Education.
230 1986, 35 (4), 372-378.
17. Rocca, K. A., Student participation in the college classroom: An extended multidisciplinary
literature review. Communication education. 2010, 59 (2), 185-213.
18. Weaver, R. R.; Qi, J., Classroom organization and participation: College students' perceptions.
The Journal of Higher Education. 2005, 76 (5), 570-601.

235

1. Kornell, N.; Bjork, R. A., A Stability Bias in Human Memory: Overestimating Remembering and
240  Underestimating Learning. Journal of Experimental Psychology: General 2009, 138 (4), 449-468.

Journal of Chemical Education 10/28/21 Page 12 of 12



