BIOL 399: Alix Cross
Quantity & Quality of Metacognitive Study Strategies

Research Question 1: Does the number of strategies used lead to better exam performance?

Hypothesis 1: Use of a higher number of study strategies leads to an increase in exam performance:
Students who used 6 or more study strategies will have better performance on Exam 2 vs. exam 1,
compared with students who used 0-5.

1. 1-5 (LOWER) strategies vs. 6-11 (UPPER) strategies compared with grade differences in exam 1
(pre-intervention) and exam 2 (post-intervention)

a. F21
I
.
Iil.

iv.
V.

b. S22

Mean 1.68 (UPPER) & -3.37 (LOWER)

t = 1.5103, df = 134, standard error of difference = 3.345

The two-tailed P value equals 0.1333, by conventional criteria, this difference is
considered to be not statistically significant. One-tailed p = 0.07.

Cannot reject the null.

Trend is in the right direction. Not quite significant but close and may be relevant.

1 Grade dlff upper graderdifferentiower

Mean 3.9 (UPPER) & -0.806 (LOWER)

i. t=1.7227, df = 108, standard error of difference = 2.731
iii. The two-tailed P value equals 0.0878, by conventional criteria, this difference is

considered to be not statistically significant. One-tailed p = 0.044!
Can reject the null with the one-tailed test!
Significant.

I. Overall trending right and almost significant in the fall, significant difference in the

spring. This is important and maybe relevant. Discussed diversity of study options
for students.
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c. BIOL 131 Spring 22

i.
ii.
iii.
iv.
V.

-10

Mean: -8.58 (Lower) -10.6 (Upper)

t =0.5762, df = 256, standard error of difference = 3.510

The two-tailed P value equals 0.5650

The one-tailed P value equals 0.2825

By conventional criteria, this difference is considered to be not statistically
significant.
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Hypothesis 2: Use of a higher number of study strategies leads to an increase in exam performance
throughout the course: F 21 Students who used 6 or more study strategies will have better
performance on Exam 4 vs. exam 1, compared with students who used 0-5.

2. 1-5 (LOWER) strategies vs. 6-11 (UPPER) strategies compared with grade differences in exam 1
(pre-intervention) and exam 2 (post-intervention)

a. F21

iv.
V.

-10

-12

Mean -2.23 (UPPER) & -7.58 (LOWER)

t = 1.3865, df = 127, standard error of difference = 3.859

The two-tailed P value equals 0.1680, by conventional criteria, this difference is
considered to be not statistically significant. One-tailed p = 0.09.

Cannot reject the null.

Trend is in the right direction. Not quite significant but close and may be relevant.

6 or more
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Research Question 2: Does using more metacognitive-type strategies increase exam performance?

Hypothesis 3: Use of more metacognitive-type study strategies leads to an increase in exam
performance:

3. Students who used at least one, or 2+ metacognitive-type strategies will have better performance
on Exam 2 vs. exam 1, compared with students who did not use any metacognitive study
strategies.

a. Fall 21

Summary of Data

Treatments

1 2 3 4 5 Total
N 27 42 67 136
yX -172 -65 -36 -273
Mean -6.3704 -1.5476 -0.5373 -2.007
¥y X? 11128 4145 26002 41275
Std.Dev. 19.6433 9.932 19.8413 17.369
Result Details
Source SS df MS
Between-treatments 667.6349 2 333.8174 F=1.1083
Within-treatments 40059.3578 133 301.1982

Total 40726.9926 135
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The f-ratio value is 1.1083. The p-value is .333149. The result is not significant at p <.05.
Post Hoc Tukey HSD (beta)

The Tukey's HSD (honestly significant difference) procedure facilitates pairwise comparisons within your
ANOVA data. The F statistic (above) tells you whether there is an overall difference between your sample
means. Tukey's HSD test allows you to determine between which of the various pairs of means - if any of them
- there is a signficant difference.

A couple of things to note. First, a blue value for Q (below) indicates a significant result. Second, it's worth
bearing in mind that there is some disagreement about whether Tukey's HSD is appropriate if the F-ratio score
has not reached significance.

HSD s = 9.2454

HSD . = 11.5622 Qo5=3.3520 Q.1 =4.1920

Pairwise Comparisons

M1 =-6.37

TiT? Mo = 155 4.82 Q=175 (p = .43392)
_ M; = -6.37 _ _

Ti:Ts M = 0,54 5.83 Q=2.11 (p = .29638)
_ M2 = -1.55 _ _

T2:Ts M- = 054 1.01 Q =0.37 (p = .96370)

HSD.o5s = 9.2454

HSD.o1 = 11.5622 Q.05 =3.3520 Q.01 =4.1920

Pairwise Comparisons

. M1 =-6.37 _ _
T1T2 Ms = -1.55 4.82 Q=1.75(p = .43392)
. M1 =-6.37 _ _
T1:Ts Ms = -0.54 5.83 Q=211 (p =.29638)
T2:Ts Mz = -1.55 1.01 Q =0.37 (p =.96370)

Ms =-0.54
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0 vs1

Ovs?2

iii.
iv.

V.

Vi.

Mean -6.37 (0) & -1.55 (1)

t = 1.3489, df = 67, standard error of difference = 3.575

The two-tailed P value equals 0.1819

The one-tailed P value equals .0910

Cannot reject the null

Trend is in the right direction. Not quite significant but close and may be relevant.

0
0 ed 1 d
-2

-10

-12

Mean -6.37 (0) & -0.54 (2+)

t = 1.2933, df = 92, standard error of difference = 4.510

The two-tailed P value equals 0.1991

The one-tailed P value equals 0.0995

Cannot reject the null

Trend is in the right direction. Not quite significant but close and may be relevant.
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lvs 2
I. Mean -1.55 (1) & -0.54 (2+)
il. t = 0.3064, df = 107, standard error of difference = 3.297
iii. The two-tailed P value equals 0.760
iv. The one-tailed P value equals 0.380
V. Cannot reject the null
Vi. By conventional criteria, this difference is considered to be not statistically

significant.

0
1 d 2or mMs used

b. Spring 2022

4.
Treatments

1 2 3 4 5 Total

N 30 39 41 110

yX -84 21 85.5 -19.5

Mean -2.8 -0.5385 2.0854 -0.177

¥y X? 3937.5 6255 3980.25 14172.75

Std.Dev. 11.2989 12.8183 9.7493 11.4015
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Result Details

Source SS df MS

Between-treatments 421.3497 2 210.6748 F =1.63968
Within-treatments 13747.9435 107 128.4855

Total 14169.2932 109

The f-ratio value is 1.63968. The p-value is .19888. The result is not significant at p < .05.
Post Hoc Tukey HSD (beta)

The Tukey's HSD (honestly significant difference) procedure facilitates pairwise comparisons within your
ANOVA data. The F statistic (above) tells you whether there is an overall difference between your sample
means. Tukey's HSD test allows you to determine between which of the various pairs of means - if any of them
- there is a signficant difference.

A couple of things to note. First, a blue value for Q (below) indicates a significant result. Second, it's worth
bearing in mind that there is some disagreement about whether Tukey's HSD is appropriate if the F-ratio score
has not reached significance.

HSD.os = 6.3513

Pairwise Comparisons HSD o1 = 7.9546

Qo5 =3.3613 Q.01 =4.2098

. M1 =-2.80 _ _
Ti:Ts M oed 2.26 Q=1.20 (p = .67514)
. M. =-2.80 _ _
TiiTa = o0 489 Q=259 (p = .16532)
To:Ta M2 =-0.54 262 Q=1.39 (p = .58985)

M3z =2.09
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0 vs 1 metacognition strategies used:

i. Mean: -2.800 (0) & -0.538 (1)

. t =0.7643, df = 67, standard error of difference = 2.959

iii. The two-tailed P value equals 0.4473

iv. The one-tailed P value equals .22365

V. By conventional criteria, this difference is considered to be not statistically significant.
Cannot reject the null

2

1

0 vs 2 metacognition strategies used:

I. Mean: -2.8 (0) & 2.085 (2+)

il. t = 1.9498, df = 69, standard error of difference = 2.506
iii. The two-tailed P value equals 0.0553

iv. The one-tailed P value equals .02765

V. Significant!

Vi. Can reject the null with the one-tailed P test!
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2+ meta used

1 vs 2+ metacognition strategies used:

I. Mean -0.538 (1) & 2.085 (2+)

il. t = 1.0336, df = 78, standard error of difference = 2.538
iii. The two-tailed P value equals 0.3045

V. The one-tailed P value equals 0.1522

V. Cannot reject the null
Vi. By conventional criteria, this difference is considered to be not statistically significant.
4
3
2
1
0
_ 2+ meta used

a. BIOL 131 Spring 22
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5. Summary of Data

Treatments

1 2 3 4 5 Total
N 71 79 101 251
>X -680 -580 -943 -2203
Mean -9.5775 -7.3418 -9.3366 -8.777
¥y X? 48924 25338 51891 126153
Std.Dev. 24.6145 16.4394 20.7573 20.6705

Result Details

Source SS df MS
Between-treatments 239.8554 2 119.9277 F =0.27907
Within-treatments 106577.6506 248 429.7486
Total 106817.506 250

The f-ratio value is 0.27907. The p-value is .756728. The result is not significant at p < .05.
Post Hoc Tukey HSD (beta)

The Tukey's HSD (honestly significant difference) procedure facilitates pairwise comparisons within your
ANOVA data. The F statistic (above) tells you whether there is an overall difference between your sample
means. Tukey's HSD test allows you to determine between which of the various pairs of means - if any of them
- there is a signficant difference.
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A couple of things to note. First, a blue value for Q (below) indicates a significant result. Second, it's worth
bearing in mind that there is some disagreement about whether Tukey's HSD is appropriate if the F-ratio score
has not reached significance.

HSD,os =7.6397

HSD.o; = 9.5276 Quos=3.3345 Q.1 =4.1585

Pairwise Comparisons

] M; =-9.58 _ _
T1:T2 M, = -7.34 2.24 Q=0.98 (p =.76955)
. M. =-9.58 _ _
T1:T3 M = -9.34 0.24 Q=10.11 (p =.99696)
. M, =-7.34 _ _
T2:T3 M = -9.34 1.99 Q=10.87 (p=.81170)
Ovs1

i. Mean -10.01 (0) & -7.34 (1)

il. t= 0.7661, df= 155, standard error of difference= 3.486

iii. The two-tailed P value equals 0.4448

iv. The one-tailed P value equals 0.2224

V. By conventional criteria, this difference is considered to be not statistically significant
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Ovs?2

I. Mean: 10.01 (0) & - 9.34 (2+)

il. t =0.1927, df = 177, standard error of difference = 3.510

iii. The two-tailed P value equals 0.8474

iv. The one-tailed P value equals 0.4237

V. By conventional criteria, this difference is considered to be not statistically significant
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1vs 2+

i. Mean: -7.34 (1) & -9.34 (2+)

il. t = 0.6995, df = 178, standard error of difference = 2.852

iii. The two-tailed P value equals 0.485

iv. The one-tailed P value equals 0.243

V. By conventional criteria, this difference is considered to be not statistically significant.
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Intervention
Question 3: Does metacognitive interventions lead to higher grades?
Hypothesis 1: Metacognitive interventions can improve students’ performance:

1. Attendance to the metacognitive intervention (yes or no) compared to test scores
a. Fall 21
i. Mean 71.1 (Yes) & 56.5 (No)
ii. t=2.7518, df =120, standard error of difference = 5.305
iii. The two-tailed P value equals 0.0068
iv. The one-tailed P value equals .0034
v. Can reject null using both the two-tail P and the one-tailed P test
vi. By conventional criteria, this difference is considered to be very statistically
significant.
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80
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20
10

0

Yes Exam 1 No Exam 1

b. Spring 22

i.

ii.
iii.
iv.

Mean 68.9 (Yes) & 50.2 (No)

t= 3.1132, df= 123, standard error of difference=5.999

The two-tailed P value equals 0.0023

By conventional criteria, this difference is considered to be very statistically
significant.

Can reject null
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c. BIOL 131 Spring 22

i

ii.
iii.
iv.
V.

Mean: -9.53 (Yes) & -2.73 (No)

t = 1.4286, df = 255, standard error of difference = 4.7634
The two-tailed P value equals 0.1543.

The one-tailed P value equals 0.07715

Cannot reject null
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vi. Trend is in the right direction. Not quite significant but close and may be relevant.
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