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Study Sample
• Most students consented 

to participate.

• Missing values were for 
students who

1. did not complete 
Exam 1 or 2, or

2. did not complete the 
post Exam 2 
questionnaire.

• Most students were from 
BIOL 131: 3 to 1 ratio.

Course Enrolled Consented Missing Analyzed N

BIOL 120 262 237 6 231 88.17%

BIOL 131 623 593 38 555 89.09%

Totals 885 830 44 786 88.81%

29%

71%

BIOL 120

BIOL 131



Metacognition Intervention

• Most students were present 
for the intervention (82%).

• A higher percentage were 
present in BIOL 120 vs 
BIOL 131 (89% vs. 79%, 
respectively).

Term/ Course
No Meta-Intervention Meta-Intervention

N % N %

F21
BIOL 120 10 8% 117 92%

BIOL 131 34 21% 131 79%

S22
BIOL 120 15 14% 95 86%

BIOL 131 15 6% 217 94%

S23 BIOL 131 76 39% 120 61%



Change in Study Habits

• A plurality of students 
answered “yes” (46%) 
when asked if they 
changed their study 
habits for exam 2, 
followed by “somewhat” 
(39%) and “no” (16%).

• This trend was present 
in all courses and terms 
except for BIOL 131 in 
S23, where the majority 
said they only changed 
their habits “somewhat.”

Term/ Course

Study Diff After E1?

1 = No 2 = Somewhat 3 = Yes

N % N % N %

F21
BIOL 120 5 4% 43 36% 73 60%

BIOL 131 36 22% 10 6% 119 72%

S22
BIOL 120 17 15% 47 43% 46 42%

BIOL 131 13 6% 110 48% 105 46%

S23 BIOL 131 52 32% 93 57% 17 10%

16%

39%

46%

Mean % in each Category Across Courses and Terms

No

Somewhat

Yes



Exam Performance
• To control for high vs. low 

performers, we did not 
simply use exam 2 grades 
as a performance measure.

• Instead, we used the 
difference between a 
student’s score on exam 1 
vs. exam 2.

• Ex) Exam 1 = 70% and 
Exam 2 = 60%, the value 
would be = -10.

• Across all terms and 
courses the exam 2 
averages were lower.

Term/ Course
Mean

E1 E2 Diff (E2-E1)

F21
BIOL 120 66.78 64.90 -1.88

BIOL 131 66.70 56.86 -10.05

S22
BIOL 120 72.07 72.13 -0.18

BIOL 131 69.87 58.62 -11.22

S23 BIOL 131 72.77 62.73 -10.02

For these analyses, we are looking for the exam 2 

scores to go down “less” as a measure of successful 

performance. The closer to positive the E2-E1 score, 

the better the performance in comparison to the class.



• Attending the metacognition intervention alone is not enough to lead to better exam performance.

• Prediction: Students who attended the metacognition intervention will not show increased exam performance (E2-E1) vs. their peers who did 
not attend.

Intervention ≠ ↑ Exam Performance

• Attending the metacognition intervention will lead to changed study habits. 

• Prediction:  Students who attended the metacognition intervention will be more likely to change their study habits for exam 2 vs. their peers 
who did not attend.

Intervention = Δ Study Habits

• Exam 1 performance will also influence a change in study habits.

• Prediction: Students who earned As and Bs on exam 1 will be less likely to change their habits for exam 2.

• Prediction: Students who earned Ds and Fs on exam 1 will be more likely to change their study habits for exam 2. 

Exam 1 performance >> Δ Study Habits 

• Changing study habits without the metacognition intervention will NOT be related to increased exam performance.

• Prediction: Students who did not attend the metacognition intervention but did change their study habits will not show any differences in 
performance on exam 2 (E2-E1) vs. those who did not attend and did not change their study habits.

Δ Study Habits (- Intervention) ≠ ↑ Exam Performance

• Changing study habits following the metacognition intervention will be related to increased exam performance.

• Prediction: Students who attended the metacognition intervention and changed their study habits will show increased exam performance (E2-
E1) vs. those who did attend but did not change their study habits.

Δ Study Habits (+ Intervention) = ↑ Exam Performance

Hypotheses



Hypothesis 1
Attending the metacognition intervention alone is not enough to lead to better 
exam performance.

An independent samples Mann-Whitney U test was used to 
compare the mean change in exam performance (E2-E1) 
between the “did not attend” and the “attended” groups 
across the whole sample, and individually in BIOL 120 and 
BIOL 131. 

✓ There was no difference in exam 2 performance between 
the group that attended the metacognition intervention and 
the group that did not (U=- 44301.5,z-score= -1.048, 
p=0.295, n=786).

✓ This trend was the same in BIOL 120 (U=- 2738.5, z-
score=-0.822, p=0.411, n=231).

✓ And in BIOL 131 (U=- 22658.5, z-score=-0.422, p=0.673, 
n=555).

Prediction: Students who attended the metacognition intervention will not show increased exam 

performance (E2-E1) vs. their peers who did not attend.

Attending the intervention alone was not enough to show any changes.



Hypothesis 2
Attending the metacognition intervention will lead to changed study habits. 

Following exam 2, students were asked if they changed 
their study habits from those used for exam 1. Students 
could answer: no, somewhat, or yes.

Chi-square tests for independence were used to determine 
the association between attendance during the 
metacognition intervention and a subsequent change in 
study habits for exam 2.

✓ There was a significant relationship in the GLOBAL 
model (X2 (2,786)=11.576, p=0.003).

✓ This was driven by the significant relationship in BIOL 
131 (X2 (2,555)=11.580, p=0.003).

• BIOL 120 showed the same trend, but no significant 
relationship. This was likely due to the small sample size 
in the no group (N=3). 

Course/

Study Habits

Did not attend 

metacognition 

intervention

Attended 

metacognition 

intervention

Χ2(df) φ n

BIOL 120

No change 3 (2.3) 19 (19.7)

00.276 (2) 0.035 231Somewhat changed 9 (9.4) 81 (80.6)

Changed 12 (12.4) 107 (106.6)

BIOL 131

No change 22 (12.2) 44 (53.8)

11.58 (2)* 0.144 555Somewhat changed 39 (39.5) 174 (173.5)

Changed 42 (51.2) 234 (224.8)

Global

No change 25 (14.2) 63 (73.8)

11.576 (2)* 0.121 786Somewhat changed 48 (49.0) 255 (254.0)

Changed 54 (63.8) 341 (331.2)

Prediction:  Students who attended the metacognition intervention will be more likely to change their 

study habits for exam 2 vs. their peers who did not attend.

Students who attended the metacognition intervention were more likely to change their habits for exam 2.



Hypothesis 3
Exam 1 performance will also influence a change in study habits.

Students letter grades (A-F) on exam 1 were compared 
across the 3 study habits groups (no change, 
somewhat of a change, changed).

Chi-square tests for independence were used to 
determine the association between exam 1 letter grade 
and a subsequent change in study habits for exam 2.

✓ The relationship between these variables was 
significant (X2 (4,786)=18.859, p <.001). Students 
receiving an A/B were less likely to change their 
habits, and student receiving a D/F were more likely.

✓ This significant trend was noted in BIOL 120 (X2

(4,231)= 13.552, p <.0.009).

✓ And in BIOL 131 (X2 (4,555)= 13.3372, p <.01). 

Prediction: Students who earned As and Bs on exam 1 will be less likely to change their habits for 

exam 2 –AND – students who earned Ds and Fs on exam 1 will be more likely to change their study 

habits for exam 2. 
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Students who performed well on exam 1 were less likely to change their study habits, whereas students who 

performed poorly were more likely to change.



Hypothesis 4
Changing study habits without the metacognition intervention will NOT be related 
to increased exam performance.

For the group that did not attend the meta cognition lecture 
(N= 127), a one-way ANOVA was used to explore exam 
performance differences across three 3 study-habit groups 
(No = did not study differently, Somewhat = studied 
somewhat differently, and Yes = studied differently).

✓ The effect of “changed study habits” on differences in 
exam 2 scores was not significant (f=0.187, p=.0.830). 

✓ In BIOL 122 (N= 24), the effect of “changed study habits” 
on differences in exam 2 scores was not significant 
(f=1.597, p=0.226)

✓ IN BIOL 131 (N=103), the effect of “changed study 
habits” on differences in exam 2 scores was not 
significant (f=0.686, p= 0.506). 

Prediction: Students who did not attend the metacognition intervention but did change their study 

habits will not show any differences in performance on exam 2 (E2-E1) vs. those who did not attend 

and did not change their study habits.



Hypothesis 5
Changing study habits following the metacognition intervention will be related to 
increased exam performance.

For the group that attended the meta cognition lecture (N= 
659), a one-way ANOVA was used to explore exam 
performance differences across three 3 study-habit groups 
(No = did not study differently, Somewhat = studied 
somewhat differently, and Yes = studied differently).

✓ The effect of “changed study habits” on differences in 
exam 2 scores (E2-E1) was significant (f=4.0643, 
p=0.018). This was driven by a significant difference 
between the No-group and Yes-group (p=0.046). 
Differences between no and somewhat, and somewhat 
and yes, were not significant.

✓ This same significant trend was noted in BIOL 120 
(f=4.023, p=0.019). This was driven by a significant 
difference between the No-group and Yes-group 
(p=0.018).

✓ And in BIOL 131 (f=4.0643, p=0.018), also driven by a 
significant difference between the No-group and Yes-
group (p=0.046). 

Prediction: Students who attended the metacognition intervention and changed their study habits will show 

increased exam performance (E2-E1) vs. those who did attend but did not change their study habits.



Exam 1 performance

Meta Cog 
Intervention

Did not attend Attended

No significant change in exam 2 performance
Better 

Performance on 
Exam 2

Proposed Model

Changed Study Habits

No Somewhat Yes

Changed Study Habits

No Somewhat Yes

Exam 1 performance



Exam 1 performance

Meta Cog 
Intervention 

(N=786)

No (N=127) Yes (N=659)

Changed Study Habits?

Change in Exam 
2 Score

For the group that attended the meta 

cognition lecture (N= 659), the effect of 

“changed study habits” on differences in 

exam 2 scores (E2-E1) was significant 

(f=4.0643, p=0.018). This was driven by a 

significant difference between group 1 (no 

change) and group 3 (yes change) 

(p=0.046). Differences between no and 

somewhat and somewhat and yes were not 

significant. 

There was link between exam performance 

and a change in study habits. A chi-square 

test of independence showed the 

relationship between these variables to be 

significant (X2 (4,786)=18.859, p <.001). 

Students receiving an A/B were less likely 

to change their habits, and student 

receiving a D/F were more likely. 

There was link between attending the 

metacognition intervention and a change in 

study habiats for Exam 2. A chi-square test 

of independence showed the relationship 

between these variables to be significant 

(X2 (2,786)=25.783, p <.001). Students 

who did not attend were less likely to 

change their study habits.

Change in Exam 
2 Score

For the group that did not attend the meta 

cognition lecture (N= 127), the effect of 

“changed study habits” on differences in 

exam 2 scores was not significant (f=0.187, 

p=.0.830). 

GLOBAL: BIOL 120 & BIOL 131



Exam 1 performance

Meta Cog 
Intervention 

(N=231)

No (N=24) Yes (N=207)

Changed Study Habits? (No, Somewhat, 
Yes)

Change in Exam 
2 Score

For the group that attended the meta 

cognition lecture (N= 207), the effect of 

“changed study habits” on differences in 

exam 2 scores was significant (f=4.023, 

p=0.019). This was driven by a significant 

difference between the no group and the 

yes group (p=0.018).

There was link between exam performance 

and a change in study habits. A chi-square 

test of independence showed the 

relationship between these variables to be 

significant (X2 (4,231)= 13.552, p <.0.009). 

Students receiving an A/B were less likely 

to change their habits, and student 

receiving a D/F were more likely. 

There was no link between attending the 

metacognition intervention and a change in 

study habiats for Exam 2 (N=231). This 

was likely due to the small sample size in 

the «no» group (e.g., no meta + no study 

change, N=3). 

Change in Exam 
2 Score

For the group that did not attend the meta 

cognition lecture (N= 24), the effect of 

“changed study habits” on differences in 

exam 2 scores was not significant (f=1.597, 

p=0.226)

BIOL 120



Exam 1 performance

Meta Cog 
Intervention 

(N=555)

No (N=103) Yes (N=452)

Changed Study Habits?

Change in Exam 
2 Score

For the group that attended the meta 

cognition lecture (N= 452), the effect of 

“changed study habits” on differences in 

exam 2 scores was significant (f=4.0643, 

p=0.018). This was driven by a significant 

difference between not changing vs. yes 

(p=0.046).

There was link between exam performance 

and a change in study habits. A chi-square 

test of independence showed the 

relationship between these variables to be 

significant (X2 (4,555)= 13.3372, p <.01). 

Students receiving an A/B were less likely 

to change their habits, and student 

receiving a D/F were more likely. 

There was link between attending the 

metacognition intervention and a change in 

study habiats for Exam 2. A chi-square test 

of independence showed the relationship 

between these variables to be significant 

(X2 (2,555)= 24.1087, p <. 0.00001). 

Students who did not attend were less likely 

to change their study habits.

Change in Exam 
2 Score

For the group that did not attend the meta 

cognition lecture (N= 103), the effect of 

“changed study habits” on differences in 

exam 2 scores was not significant (f=0.686, 

p= 0.506). 

BIOL 131



Hypothesis 4

Changing study habits following the metacognition intervention will be related to increased exam performance.

Students who did attend the 

metacognition intervention 

(N=659)

One-way ANOVA showed the effect of 

“changed study habits” on differences in 

exam 2 scores (E2-E1) was significant 

(f=4.034, p=0.018). Post-hoc analysis 

revealed this was driven by a significant 

difference between the no groups and 

the yes group (p=0.046). 

GLOBAL



Students who did not attend 

the metacognition 

intervention (N=127)

One-way ANOVA showed the effect 

of “changed study habits” on 

differences in exam 2 scores (E2-

E1) was not significant (f=0.187, 

p=0.830). 

Hypothesis 5 

Changing study habits without the metacognition intervention will NOT be related to increased exam performance.

GLOBAL & SPLIT

BIOL 120. For the group that did not 

attend the meta cognition lecture (N= 

24), the effect of “changed study habits” 

on differences in exam 2 scores was not 

significant (f=1.597, p=0.226)

BIOL 131. For the group that did not 

attend the meta cognition lecture (N= 

103), the effect of “changed study habits” 

on differences in exam 2 scores was not 

significant (f=0.686, p= 0.506).



BIOL 120 BIOL 131

For the group that attended the meta cognition lecture (N = 207), the 

effect of “changed study habits” on differences in exam 2 scores was 

significant (f=4.023, p=0.019). This was driven by a significant 

difference between the no group and the yes group (p=0.018).



Student responses to the 

question: Did you change 

your study habits for exam 

2? Responses grouped 

across all courses and 

terms (N= 786).

There was link between attending the 

metacognition intervention and a change 

in study habiats for Exam 2. A chi-square 

test of independence showed the 

relationship between these variables to 

be significant (X2 (2,786)=25.783, 

p<0.001). Students who did not attend 

were less likely to change their study 

habits.

GLOBAL

Hypothesis 1

Attending the metacognition intervention will lead to changed study habits. 
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BIOL 120 BIOL 131

There was no link between attending the metacognition intervention 

and a change in study habiats for Exam 2 (N=231). This was likely 

due to the small sample size in the «no» group (e.g., no meta + no 

study change, N=3).  We used a Fischer’s exact test (0.513, 

p=0.856) to compensate.

There was link between attending the metacognition intervention 

and a change in study habiats for Exam 2. A chi-square test of 

independence showed the relationship between these variables to 

be significant (X2 (2,555)=24.1087, p<0.00001). Students who did 

not attend were less likely to change their study habits.
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Testing the mean performance 

change (E2-E1) between the 

attended and did not attend groups.

An independent samples t-test 

showed no difference in exam 2 

performance between the group 

that attended the metacognition 

intervention and the group that did 

not (t=-1.099, df=828, p=0.272).

Hypothesis 3

Attending the metacognition intervention is not enough to lead to better exam performance.

GLOBAL & Split

BIOL 120. There was also no difference 

in exam 2 performance between the 

group that attended the metacognition 

intervention and the group that did not in 

BIOL 120 (t=-0.606, df=235, p=0.545).

BIOL 131. There was also no difference 

in exam 2 performance between the 

group that attended the metacognition 

intervention and the group that did not in 

BIOL 131 (t=0.444, df=591, p=0.658).
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Comparison of exam 1 

scores and number of 

students who changed their 

study habits. Responses 

grouped across all courses 

and terms (N= 786).

There was link between exam 1 

performance and a change in study 

habits. A chi-square test of 

independence showed the relationship 

between these variables to be significant 

(X2 (8,786)=24.244, p=0.002). Students 

receiving an A, B, or C were less likely to 

change their habits, and students 

receiving a D, or F, were more likely. 

GLOBAL

Hypothesis 2

Students who do better on exam 1 will be less likely to change their study habits for exam 2.
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BIOL 120 BIOL 131

There was link between exam performance and a change in study 

habits. A chi-square test of independence showed the relationship 

between these variables to be significant (X2 (8,231)=26.39, 

p<0.001). Students receiving an A, or B, were less likely to change 

their habits, and students receiving an F were more likely. 

There was link between exam performance and a change in study 

habits. A chi-square test of independence showed the relationship 

between these variables to be significant (X2 (8,555)=17.06, 

p<0.029). Students receiving an A, or B, or C, were less likely to 

change their habits, and student receiving a D, or an F, were more 

likely. 
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