





Chapter 6

Performance on learning items

Performance scores on the pretest and posttest per condition are presented in Table 2.
To test if we could replicate the finding from prior research that providing students with
explicit instructions and practice activities is effective for learning to avoid biased
reasoning, we conducted a paired samples t-test with Test Moment (pretest and
posttest) as within-subjects factor on performance on learning items. In line with previous
findings, the results revealed an overall pretest (M = 5.04, SD = 2.38) to posttest (M =
7.83, SD = 2.76) performance gain on learning items, {188) =-13.53, p < .001, d = 1.07.

Performance on near and far transfer items

Again, performance scores on the pretest and posttest per condition are presented in
Table 2. To test our main question what obstacle(s) underlie(s) the lack of transfer what
has been learned to new — but related — tasks requiring CT-skills, we conducted a 2x4
mixed ANOVA with Test Moment (pretest and posttest) as within-subjects factor and
Level of Support (no support, recognition support, free recall, and recall support) as
between-subjects factor. On performance on near transfer items, this revealed a main
effect of Test Moment, A1, 184) = 261.75, p < .001, n,? = .59: mean performance was
higher on the posttest (M = 4.56, SD = 2.07) compared to the pretest (M = 1.90, SD =
1.66). However, there was no significant main effect of Level of Support, A3, 184) = 0.61,
p =.613, ny2 = .01, nor an interaction between Test Moment and Level of Support, A3,
184) = 0.66, p = .576, ny? = .01,

On performance on far transfer items, results revealed a main effect of Test Moment, A1,
184) = 77.31, p < .001, n,? = .30: mean performance was higher on the posttest (M =
3.18, SD = 2.97) compared to the pretest (M = 1.52, SD = 1.71). However, there was no
significant main effect of Level of Support, A3, 184) = 0.85, p = .469, ny,? = .01, nor an
interaction between Test Moment and Level of Support, A3, 184) = 1.74, p = .161, ny? =
.03.

Finally, to explore whether participants’ ability to recall the acquired knowledge underlies
difficulties with transfer, we computed Pearson correlations on the data of participants
within the free recall condition, between retrieved information and posttest performance
on near transfer items and between retrieved information and performance on far transfer
items (see Figures 5 and 6 for a graphical representation of the relationship between the
variables). Retrieved information was positively related to posttest performance on near
transfer items, r(44) = .41, p = .005, as well as to posttest performance on far transfer
items, n(44) = .34, p = .023. When nothing written down during free recall was coded as
missing value instead of no recall, retrieved information was still positively related to
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Obstacles to transfer

posttest performance on near transfer performance, 27) = .41, p = .033, but not with
posttest performance on far transfer items, (27) = .29, p = .139.

Table 2. Experiment 1: mean (SD) of test performance (number of items correct) on
learning (0 — 12), near transfer (0 — 7.5), and far transfer items (0 — 9) and mean
(SD) of time-on-task (in seconds) on learning, near transfer, and far transfer items
per condition.

Level of support

No support Recognition Free recall Recall support
support
Test performance
Learning Pretest 5.38(2.39) 4.90 (2.42) 4.61(2.35) 5.45 (2.39)
Posttest 8.34 (2.85) 7.65 (2.79) 7.75 (2.77) 7.69 (2.66)
Near transfer Pretest 1.83(1.70) 1.85 (1.45) 1.76 (1.73) 2.20(1.83)
Posttest  4.77 (2.14) 4.25 (2.17) 4.60 (2.03) 4.70 (1.96)
Far transfer Pretest 1.65 (1.87) 1.40 (1.68) 1.49 (1.70) 1.56 (1.62)
Posttest  3.17 (2.84) 3.14 (3.01) 2.56 (2.73) 3.87 (3.23)
Time-on-task
Learning Pretest  80.46 (37.74) 82.02 (38.62) 81.12 (40.81) 79.07 (32.79)

Posttest 51.05(18.93)  52.82(24.97)  57.32(22.02)  49.83(19.88)
Near transfer ~ Pretest 107.97 (48.51)  101.01(48.41)  101.83 (46.72)  109.12 (55.26)
Posttest 77.95(32.49)  76.27 (28.38)  91.16(31.13)  95.94 (31.05)
Far transfer Pretest 84.45(37.17)  83.77(38.04)  89.01(42.77)  91.26 (46.35)
Posttest 46.92 (18.28)  49.25(30.88)  57.43(26.13)  62.08 (36.77)

Time-on-test

We also explored differences over time and among conditions in the time spent on test
items (in seconds). Descriptive statistics are provided in Table 2. A paired samples
t-test with Test Moment (pretest and posttest) as within-subjects factor on time spent on
learning items revealed that the mean time was lower for the posttest items (M = 52.76,
SD = 21.77) than the pretest items (M = 80.76, SD = 37.43), {(187) = 11.98, p < .001, d
=.91.

We conducted 2x4 mixed ANOVAs on the time spent on transfer items with Test Moment
(pretest and posttest) as within-subjects factor and Level of Support (no support,
recognition support, free recall, and recall support) as between-subjects factor. On time
spent on near transfer items, this revealed a main effect of Test Moment, A1, 184) =
30.20, p < .001, n,?2 = .14: participants spent less time on average on the posttest items
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(M=84.57, SD = 31.58) compared to the pretest items (M = 104.75, SD = 49.40). There
was no significant main effect of Level of Support, A3, 184) = 1.47, p = .225, n,> = .02,
nor an interaction between Test Moment and Level of Support, A3, 184) = 1.64, p =
181, n,?2 = .03.

On time spent on far transfer items, results revealed a main effect of Test Moment, A1,
184) = 173.78, p < .001, n,2 = .49: again, participants spent less time on average on the
posttest items (M = 53.45, SD = 29.11) compared to the pretest items (M = 86.84, SD =
40.73). There was no significant main effect of Level of Support, A3, 184) = 1.35, p =
.260, ne? = .02, nor an interaction between Test Moment and Level of Support, A3, 184)
=0.49, p = .684, ny? = .01.

Experiment 2

We simultaneously conducted a replication experiment in a classroom setting to assess
the robustness of our findings and to increase ecological validity. The educational
committee of the university approved on conducting this study within the curriculum. The
design and materials were the same as that of Experiment 1.

Methods

Participants

Participants were 104 third-year ‘Biology and Medical Laboratory Research’ and
‘Chemistry’ students of a University of Applied Sciences. Of these, three students did
not complete the complete study due to technical problems and four students did not
adhere to instructions (i.e., they copied information from the CT-instructions). They were
therefore excluded from the analyses and this resulted in a final sample size of 97
students (Mage = 20.39, SD = 1.67; 23 males).

Because the experiment took place in classroom setting as part of an existing course,
our sample size was limited to the total number of students in this cohort. The power of
our mixed ANOVAs — under a fixed alpha level of .05, with a correlation between
measures of 0.3, and with a sample size of 97 - is estimated at .25, .95, and <.99 for
picking up a small (n,2=.01), medium (n,2 = .06), and large (n,? = .14) interaction effect,
respectively. Therefore, our sample size should be sufficient to pick up medium-to-large
interaction effects.
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Procedure

The main difference with Experiment 1 was that Experiment 2 was run in a real education
setting, namely during the lessons of a CT-course. The experiment was conducted in a
computer classroom at the participants’ university with an entire class of students
present. Participants came from five different classes (of 17 to 23 participants) and were
randomly distributed among the four conditions within each class. In advance of the
experiment, students were informed about the experiment by their teacher. The
experiment leader (first author) and the teacher of the CT-course were present during
the experiment. When entering the classroom, participants were instructed to sit down
at one of the desks. The experiment leader first introduced herself and provided some
basic information about the experiment. Afterwards, she instructed participants to read
a sheet of paper containing some general instructions and a link to the Qualtrics
environment where they first signed an informed consent form. Again, participants could
work at their own pace and time-on-task was logged during all phases. Furthermore,
participants could use scrap paper during the practice phase and the CT-tests.
Participants had to wait (in silence) until the last participant had finished the posttest
before they could leave the classroom.

Data analysis

The same coding schemes were used as in Experiment 1. Again, a total score of 12
points could be earned on learning items, of 7.5 points on near transfer items, and of 9
points on far transfer items. Again, two raters independently scored all free recall data.
Intra-class correlation coefficients were .987 (nothing written down coded as no recall)
and .971 (nothing written down coded as missing value).

Reliability (Cronbach’s alpha) on the pretest and posttest, respectively, of the learning
items were .45 and .68; of the near transfer items were .32 and .67; and of the far transfer
items .77 and .89. While these low reliabilities on the pretest might again be explained
by lack of prior knowledge, they are substantially lower in experiment 2 than in
experiment 1, and under these circumstances, the probability of detecting a significant
effect (given one exists) is low (e.g., Cleary, Linn, & Walster, 1970; Rogers & Hopkins,
1988), and therefore, the chance that Type 2 errors may have occurred in the current
study is relatively high. Therefore, we conducted alternative analyses (see Results
section), as preregistered.

Two participants had two missing near transfer answers on the posttest, which were
replaced by their series mean. One participant did not fill in the far transfer items of the

posttest, so data for this participant were not included in the analyses involving the
respective measure.
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Results

Again, a p-value of .05 was used as a measure of statistical significance in all analyses
reported below. Partial eta-squared (ny?) is reported as a measure of effect size for the
ANOVAs for which .01 is considered small, .06 medium, and .14 large (Cohen, 1988). If
outliers influenced the results, we reported the results of the analysis on the data of all
participants who completed the experiment (i.e., including outliers) and the analysis on
the data without outliers. If the results were the same, we only reported the results on the
full data.

Preliminary analyses confirmed that there were no a-priori differences between the
conditions in educational background, x?(12) = 8.90, p = .712, V = .18; gender, x?(6) =
3.97, p= .681, V= .14; age, A3, 97) = 1.08, p = .361, ny2 = .03; performance on near
transfer items of the pretest, A3, 93) = 1.76, p = .159, n,2 = .05; time-on-task on near
transfer items of the pretest, A3, 93) = 0.70, p = .552, ny? = .02; time-on-task on far
transfer items of the pretest, A3, 93) = 0.21, p = .888, n,? = .01; performance on practice
tasks, A3, 96) = 0.39, p = .762, ny? = .01; and time-on-task on practice tasks, A3, 96) =
1.59, p = .196, n,? = .05. However, the conditions differed in performance on far transfer
items of the pretest, A3, 93) = 4.17, p = .008, n,2 = .12. If it turns out that the conditions
would differ significantly in performance gains on far transfer items, this finding should
be taken into account. Figures 7 — 9 provide Violin plots in which the full distribution per
condition and test moment is visualized for each dependent variable.™°

Performance on learning items

Performance scores on the pretest and posttest per condition are presented in Table 3.
Because Cronbach’s Alpha on the pretest was very low, we conducted a one-sample
t-test on posttest performance on learning items, in which we compared the average on
the posttest of the entire sample against the reference value of the average on the pretest
(M =4.59, SD = 2.43). In line with Experiment 1, the results revealed an overall pretest
to posttest (M = 7.79, SD = 2.69) performance gain on learning items, {97) = -11.73, p
< .001, d=1.25.

Performance on near and far transfer items

Performance scores on the pretest and posttest per condition are presented in Table 3.
To test our main question what obstacle(s) underlie(s) the lack of transfer what has been
learned to novel tasks requiring CT-skills, we conducted a one-way ANOVA (due to low
reliability on the pretest, see preregistration where we reported what analyses would be

0 We also conducted some exploratory analyses regarding students’ study background and the time participants
spent on the CT-instructions. However, these analyses did not have much added value for this paper, and,
therefore, are not reported here but provided on our OSF-page.
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Figure 7-9 Violin plots with the full distribution per condition and test moment (i.e., pretest
and posttest) on performance on learning items (maximum total score of 12;
Figure 7), performance on near transfer items (maximum total score of 7.5; Figure
8), and performance on far transfer items (maximum total score of 9; Figure 9) in

Experiment 1.
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Figure 10.

Figure 11.
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Graphical representation of the relationship between retrieved information during
free recall and posttest near transfer performance in Experiment 2. Two measures
of retrieved information were used: nothing written down was either coded as no

recall or as missing value.
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Graphical representation of the relationship between retrieved information during
free recall and posttest far transfer performance in Experiment 2. Two measures
of retrieved information were used: nothing written down was either coded as no
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performed if Cronbach’s Alpha on the pretest turned out to be low) with Level of Support
(no support, recognition support, free recall, and recall support) as between-subjects
factor on performance on near transfer items. The results revealed no significant main
effect of Level of Support, A3, 93) = 1.36, p = .259, n,2 = .06. In addition to the planned
analysis, we decided to conduct a one-sample t-test on posttest performance on near
transfer items, compared to the reference value of the average on the pretest (M = 1.66,
SD = 1.35). The results revealed an overall pretest to posttest (M = 3.91, SD = 2.16)
performance gain on near transfer items, {96) = 10.21, p < .001, d = 1.25.

Additionally, we conducted a 2x4 mixed ANOVA with Test Moment (pretest and posttest)
as within-subjects factor and Level of Support (no support, recognition support, free
recall, and recall support) as between-subjects factor on performance on far transfer
items. The results revealed a main effect of Test Moment A1, 92) = 43.91, p < .001, ny?
= .32: mean performance was higher on the posttest (M = 3.20, SD = 2.74) compared
to the pretest (M = 1.55, SD = 1.80). However, there was no significant main effect of
Level of Support, A3, 92) = 1.39, p = .250, ny,? = .04, nor an interaction between Test
Moment and Level of Support, A3, 92) = 1.48, p = .226, n,? = .05.""

Finally, to explore whether participants’ ability to recall the acquired knowledge underlies
difficulties with transfer, we computed Pearson correlations on the data of participants
within the free recall condition, between retrieved information and posttest performance
on far transfer items and between retrieved information and performance on near transfer
items (see Figures 10 and 11 for a graphical representation of the relationship between
the variables). Retrieved information was not positively related to posttest performance
on near transfer items, n24) = .33, p = .114, nor with posttest performance on far transfer
items, n(24) = .06, p = .787. When nothing written down during free recall was coded as
missing value instead of no recall, however, retrieved information was positively related
to posttest performance on near transfer performance, (11) = .87, p = .001, but not with
posttest performance on far transfer items, (11) = .26, p = .443.

Time-on-test

We exploratory analyzed the time spent on test items (in seconds). Descriptive statistics
are provided in Table 3. A paired samples t-test with Test Moment (pretest and posttest)
as within-subjects factor on time spent on learning items revealed that the mean time
spent on posttest items (M = 52.76, SD = 21.77) was lower than on pretest items (M =
80.76, SD = 37.43), {97) =9.88, p < .001, d=1.11,

11 Because of severe violations of the normality assumption, we additionally conducted a Kruskal-Wallis H Test
(nonparametric alternative of ANOVA); however, the results did not differ from the parametric analyses and,
therefore, are not reported in this paper but provided on our OSF-page.
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We conducted 2x4 mixed ANOVAs on the time spent on transfer items with Test Moment
(pretest and posttest) as within-subjects factor and Level of Support (no support,
recognition support, free recall, and recall support) as between-subjects factor. On time
spent on near transfer items, that revealed a main effect of Test Moment, H1, 93) =
37.59, p < .001, ny,?2 = .29: participants spent less time on the posttest items (M = 84.32,
SD = 26.87) compared to the pretest items (M = 108.78, SD = 40.27). There was no
significant main effect of Level of Support, A3, 93) = 1.85, p = .143, n,2 = .06, nor an
interaction between Test Moment and Level of Support, A3, 93) = 2.18, p = .096, ny? =
.07.

On time spent on far transfer items, results revealed a main effect of Test Moment, A1,
92) = 151.39, p < .001, n,2 = .62: again, participants spent less time on the posttest items
(M=62.84, SD = 25.23) compared to the pretest items (M = 104.41, SD = 35.49). There
was no significant main effect of Level of Support, A3, 92) = 0.63, p = .595, ny? = .02,
nor an interaction between Test Moment and Level of Support, A3, 92) = 1.21, p =.309,
Ne? = .04,

Table 3. Experiment 2: mean (SD) of test performance (number of items correct) on
learning (0 — 12), near transfer (0 — 7.5), and far transfer items (0 — 9) and mean
(SD) of time-on-task (in seconds) on learning, near transfer, and far transfer items
per condition.

Level of support

No support Recognition Free recall Recall support
support
Test performance
Learning Pretest 5.16 (2.25) 4.20 (2.26) 4.90 (2.33) 4.20 (2.78)
Posttest  7.43 (2.23) 7.52 (2.87) 8.29 (2.38) 8.28 (3.13)
Near tansfer Pretest  1.64 (1.26) 1.21(0.97) 1.94 (1.60) 1.96 (1.48)
Posttest  3.50 (1.98) 3.61(1.97) 3.92 (2.52) 4.65(2.11)
Far transfer Pretest 2.11(1.69) 2.16 (2.13) 0.92 (1.04) 0.89 (1.74)
Posttest 2.95 (2.46) 3.65 (3.05) 3.08 (2.23) 3.00(3.18)
Time-on-task
Learning Pretest  90.02 (21.27) 80.10 (27.34) 82.85 (21.55) 90.84 (39.81)

Posttest 63.42(19.17)  53.08(18.98)  57.64(20.88)  59.51 (22.58)
Near transfer ~ Pretest 115.02(39.28)  101.69 (33.06)  106.63 (36.83)  113.69 (40.27)
Posttest 73.21(23.68)  76.50(19.88)  92.52(27.54)  95.91 (30.35)
Far transfer Pretest 107.40(33.89) 101.53(36.51)  103.32(36.16)  106.26 (37.14)
Posttest 58.73(17.41)  63.38(22.82)  56.07 (21.04)  73.63 (35.06)
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General discussion

The present study aimed to identify obstacles to transfer of CT-skills required for
unbiased reasoning. Prior studies observed a lack of transfer of these CT-skills (e.g.,
Heijlties et al., 2014a, 2014b, 2015; Van Peppen et al., 2018), and we examined whether
this would be due to (a) failure to recognize that the acquired knowledge is relevant to
the new task, (b) inability to recall the acquired knowledge, or (c) difficulties in actually
mapping that knowledge onto the new task (cf. the three-step model of transfer: Barnet
& Ceci, 2012).

Benefits of instruction and practice

In line with our expectations and consistent with earlier research (e.g., Abrami et al.,
2014; Heijltjes et al., 2014b), we found that providing students with explicit instructions
and practice leads to a performance gain in unbiased reasoning and a reduction in test-
taking time in two experiments. These results further support the idea of Stanovich (2011)
that acquisition of relevant knowledge structures and stimulating students to engage in
CT, is useful to prevent biased reasoning.

Interestingly, our experiments demonstrated that these instructions and practice
activities may also enhance transfer (both to similar tasks in a different format and to
novel task types) to some extent: students showed better performance on posttest
transfer tasks, and, again, with reduced test-taking time. As one would expect (Barnett
& Ceci, 2002; Bray, 1928; Dinsmore et al., 2014), transfer between closely related
situations occurred more often than transfer between situations that had less in common:
performance gains were highest on learning items (i.e., same problem type but different
story contexts), followed by near transfer items (i.e., same problem type but offered in a
different/less abstract format), and thereafter far transfer items (i.e., similar principles but
applied to novel problem types).

It is particularly promising that participants improved noticeably on near transfer items
after a relatively short instruction and practice phase. These items consisted of belief
biases in written news items or articles on topics that participants might encounter in
other courses and/or their working life. The few studies that investigated effects of
instruction/practice on transfer of CT-skills, and failed to find evidence of transfer, only
examined tasks reflecting far transfer (Heijltjes et al., 2014a, 2015; Van Peppen et al.,
2018). We even observed some increase in performance on far transfer items in the
present study. Other studies did not include these items on the pretest (Chapters 3 to 5)
and were, therefore, not able to detect transfer gains.
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Thus, our findings are promising as they seem to support the idea that
instruction/practice can be beneficial for near and far transfer of CT-skills. However, the
scores were still rather low, so there was a lot of room for improvement, yet students did
not seem to benefit from the support conditions, as we will discuss in the next section.

Obstacles to successful transfer of CT-skills

As for our main question regarding the obstacles to successful transfer of CT-skills, our
findings suggest that participants were able to recognize that the acquired knowledge
was relevant to the new task and to recall that knowledge: they did not benefit from
recognition and recall support (i.e., there were no significant differences among
conditions). Thus, our findings suggest that students may have had difficulties in
applying the relevant knowledge on the new tasks (Hypothesis 3).

However, findings from the free recall condition do not fully support the idea that it is
only an application/mapping problem. Most participants did not retrieve all relevant
information and exploratory results pointed to moderate-to-large positive correlations
between participants’ retrieved knowledge and their performance on near transfer (in
both experiments) and far transfer (only in Experiment 1 when nothing written down was
coded as no recall) items. This may suggest that suboptimal recall underlies
unsuccessful transfer as well (Hypothesis 2b). Descriptive statistics support this idea:
participants who received recall support numerically outperformed the other conditions
on far transfer items at posttest in Experiment 1 and on near transfer items at posttest in
Experiment 2. Because the power of our study was only sufficient to pick up medium-to-
large interaction effects and it may be that providing recall support had a small effect on
transfer, a further study with a more powerful design (e.g., a larger sample size) is
suggested.

Limitations and future directions

One potential limitation of this study concerns the short training duration. While it is
interesting to see that this relatively brief intervention already had beneficial effects on
learning and near transfer, gaining deep understanding of the underlying principles of
the subject matter, required for far transfer, might need more extensive training. Even
though our results indicate that participants learned to solve abstract CT-tasks (i.e.,
syllogisms), their subject-matter knowledge may have been insufficient for identifying
structural overlap between problems and, consequently, for solving more complex or
novel CT-tasks.

Given that multiple studies reported rather low levels of reliability of tests consisting of
heuristics-and-biases tasks (Aczel et al.,, 2015b; West et al., 2008) and revealed
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concerns with the reliability of widely used standardized CT tests, particularly with regard
to subscales (Bernard et al., 2008; Bondy et al., 2001; Ku, 2009; Leppa, 1997; Liu et al.,
2014; Loo & Thorpe, 1999), we aimed to increase reliability of our measures. Therefore,
we included multiple items of one CT-task category to narrow down the test into a single
measurable construct and, thereby, to decrease measurement error (LeBel & Paunonen,
2011), which resulted — except on the pretest — in quite reliable measures. However,
because of this, we focused on only one (though very important) aspect of CT, namely
overturning belief-biased responses when evaluating the logical validity of arguments
(De Chantal et al., 2019; Evans, 2003). Relevant next steps would be to investigate gains
in performance on transfer tasks with other types of reasoning biases, for instance those
involving probabilistic reasoning.

A noteworthy strength of this study was that we simultaneously conducted a replication
experiment in a classroom setting to assess the robustness of our findings and to
increase ecological validity. As promising interventions sometimes fail in realistic
settings (e.g., Hulleman & Cordray, 2009) and classroom studies aimed at fostering
transfer of CT-skills are relatively rare, this study provides valuable new insights for
educational practice. To wit, that transfer of CT-skills from abstract tasks to domain
relevant texts and to novel task types can be established with a relatively short instruction
and practice phase. However, there is still a lot of room for improvement in bringing
about far transfer, and for that, obstacles such as suboptimal recall and application
should be countered. Considerably more studies, preferably including direct or
conceptual replications to increase robustness of findings, are needed to develop a full
picture of effective ways to teach (far) transfer of CT-skills.

Conclusion

To conclude, the present study established that it is possible to foster learning and
transfer of CT-skills to different formats/situations and novel task types through a
relatively simple intervention. Our findings imply that instructional interventions aimed at
transfer of CT-skills should focus on the recall and application steps in the transfer
process. As far as we know, our study was the first to systematically vary gradients of
similarity between the initial CT-task and the transfer task (i.e., learning, near transfer,
and far transfer) and, thus, adds to the small body of literature on whether
instruction/practice can foster students’ CT, which is relevant for both educational
science and educational practice.
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Appendix A. Overview of the supporting prompts

Below, we provided an overview per condition of the supporting prompts (translated
from Dutch) that participants received at the start of the posttest transfer items and with
each posttest transfer item.

No support condition

Recognition support condition

To solve the following problems, you can use the rules of logic explained in the instructions.

Hint: To solve this task, you can use the rules of logic explained in the instructions.

Free recall condition

To solve the following problems, you can use the rules of logic explained in the instructions. Try to
recall these rules and write them on the paper that you have received (Paper 2).

Hint: To solve this task, you can use the rules of logic explained in the instructions that you tried to
recall beforehand. Take that paper to solve the task.

Recall support condition

To solve the following problems, you can use the rules of logic explained in the instructions. You can
find these rules in the overview on the paper that you just have received.

Hint: To solve this task, you can use the rules of logic explained in the instructions. You can find
these rules in the overview on the paper that you have received. Take that paper to solve the task.

Affirming the antecedent Affirming the consequent

Statement 1:  If P, then Q Statement 1:  If P, then Q
Statement2: P Statement2: Q

Conclusion: Therefore Q (valid) Conclusion: Therefore P (invalid)
Denying the antecedent Denying the consequent

Statement 1:  If P, then Q Statement 1:  If P, then Q

Statement 2. Not P Statement2:  Not Q

Conclusion: Therefore not Q (invalid) Conclusion: Therefore not P (valid)
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Obstacles to transfer
Appendix A. Example items critical thinking tests

Below, we translated an example item of each task category administered in the critical
thinking tests and the correct answer with an explanation.

Learning task (syllogistic reasoning)
Below, you will find two premises that you must assume are true. Indicate whether the conclusion follows
logically from the given premises.

Premise 1. If a disease is caused by parasites, then it is an infectious disease.
Premise 2. Malaria is an infectious disease.
Conclusion: Malaria is caused by parasites.

a) Conclusion follow logically from the premises
b) Conclusion does not follow logically from the premises

Explain briefly why you chose this answer:

Correct answer: b

Explanation: This assignment requires to not confuse logical validity of the conclusion with the believability
of the conclusion, which presumably seems believable to participants due to their prior beliefs or real-
world knowledge. If the first part of premise 1 (if a disease is caused by parasites) is met, the second part
(then it is an infectious disease) automatically follows. The second premise states that Malaria is an
infectious disease. But this does not necessarily mean that it is caused by parasites. There might be
another cause.

Near transfer task (syllogistic reasoning in a vignette)

An article by the Netherlands Forensic Institute (NFI) about the essence of forensic hair analyses states:
Forensic hair analyses can provide important information in solving crimes. If the aim of forensic hair
analyses is to identify the donor of the hair sample, then hair comparisons are performed. The investigator
compares the hair sample that is found at the crime scene with reference samples of a suspect, victim,
and/or person involved. In a recent investigation including forensic hair analyses, no hair comparisons are
performed and, thus, the aim was not to identify the donor of the hair sample.

a) Conclusion follows logically from the premises
b) Conclusion does not follow logically from the premises

Explain briefly why you chose this answer:
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Correct answer: a

Explanation: This assignment requires to not confuse logical validity of the conclusion with the believability
of the conclusion, which presumably seems unbelievable to participants due to their prior beliefs or real-
world knowledge. According to the statement in the second sentence 'if the aim of forensic hair analyses
is to identify the donor of the hair sample’ (P) is met, then ‘hair comparisons are performed’ (Q)
automatically follows. In the last sentence it can be read that hair comparisons are not performed in a
recent investigation, so Q is denied. Therefore, P is not present. Because if P had been present, Q would
have always followed.

Far transfer task (Wason selection)

Below, you can see four bacterial strains. Each bacterial strain has two characteristics: (1) it contains gene
Xorgene Y and (2) it is resistant to antibiotics or not. Of the four bacterial strains, you only see one of the
two characteristics. You will have to test the bacterial strain to find out the second characteristic.

The rule is ‘if the bacterial strain contains gene X, then it is resistant to antibiotics (AB)'.

Which bacterial strains do you need to test to check if the rule is correct? Choose one or more from the
options, but only choose the option(s) that is/are necessary to check whether the rule is correct:

AB-resistant Not AB-resistant

a b c d

Explain briefly why you chose this answer:

Correct answer: a + d

Explanation: This assignment requires to not only confirm the rule but also look for falsification of the rule.
By testing the bacterial strain with Gene X, you can test whether the rule is violated. if it is not AB-resistant,
the rule is violated. The same for testing the bacterial strain that is not AB-resistant: if it contains gene X,
the rule is violated. Because if it contained gene X, then it should have been resistant to antibiotics. People
who choose other options than the combination of bacterial strain gene X + bacterial strain not AB-resistant
probably fail to apply logical principles, verify rules rather than to falsify them, or demonstrate matching
bias by selecting options explicitly mentioned in the conditional statement.
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Summary and general discussion

As outlined in the introduction, it is essential that higher education students are trained
to become critically-thinking professionals. Critical thinking (CT) is crucial for
succeeding in future careers and, moreover, is an important life skill (Davies, 2013;
Facione, 1990; Halpern, 2014; Van Gelder, 2005). More specifically, students should be
able to avoid biases in their reasoning and decision-making, even in situations that have
not been encountered before, because especially in (professional) situations, reasoning
biases can have serious consequences. However, it would be unfeasible to train
students on each and every type of reasoning bias they will ever encounter. The
challenge for educational practitioners, therefore, is to design instruction/practice so that
students acquire the necessary resources to enhance CT in such a way that it would
also transfer across tasks and contexts.

The overarching purpose of the research presented in this dissertation was to acquire
more knowledge on how higher education students’ learning and transfer of CT-skills
can be fostered, focusing specifically on one important aspect of CT: the ability to avoid
bias in reasoning. The studies in Chapters 2 to 5 examined whether instructional
interventions that are known to foster generative processing and transfer of other
cognitive skills, would further enhance learning and transfer of CT-skills required for
unbiased reasoning (i.e., above and beyond effects of instruction and practice). These
interventions were administered after initial instruction, during the practice phase.
Through generative processing, learners actively construct meaning from to-be-learned
information, by mentally organizing it in coherent knowledge structures and integrating
these principles with existing knowledge (Grabowski, 1996; Osborne & Wittrock, 1983;
Wittrock, 1974, 1990, 1992, 2010), which is required for transfer of learned skills. In
addition, the study presented in Chapter 6 experimentally examined what obstacle(s)
prevent(s) successful transfer of these CT-skills. In this final chapter, the main findings
of the studies are presented and positioned in the broader literature first. Subsequently,
the implications for research and educational practice are discussed, along with
potential directions for future research.

Summary of main findings

The main question addressed in this dissertation, was to investigate how (i.e., which
instructional strategies could be used) to further enhance learning of unbiased reasoning
and to establish transfer to novel problem types. Instructional strategies that encourage
generative processing seem to hold a considerable promise with respect to deep
learning and transfer of other cognitive skills (e.g., Fiorella & Mayer, 2016; Wittrock,
2010), but their effects on the acquisition of CT-skills had hardly been investigated. The
generative processing strategies investigated in the studies presented in this
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dissertation were: prompting students to self-explain during practice (Chapter 2),
creating variability in practice (Chapter 3), stimulating comparison of correct problem
solutions with erroneous ones (Chapter 4), and having students repeatedly retrieve to-
be-learned material from memory (Chapter 5). In all of these studies, students
participated in a pretest-intervention-posttest design. During the intervention, students
were provided with instruction on the importance and features of CT, on the skills and
attitudes needed to think critically, and on specific heuristics-and-biases tasks.
Subsequently, they performed practice activities on domain-relevant problems in the
task category/categories they were given instructions on, either with or without the
respective generative processing strategies. Unbiased reasoning has been
operationalized as performance on classic heuristics-and-biases tasks (Tversky &
Kahneman, 1974), in which an intuitively cued heuristic response conflicts normative
models of CT as set by formal logic and probability theory. Students’ performance (both
on task categories that were part of the practice phase to assess learning and novel task
categories that share underlying principles to assess transfer) and perceived mental
effort were measured on a pretest and posttest. Additionally, Chapters 2 to 4 included
delayed posttests.

The classroom study presented in Chapter 2 addressed the question of whether
prompting students to self-explain during practice; that is, to generate explanations of a
problem-solution to themselves (e.g., Bisra et al., 2018; Chi, 2000; Fiorella & Mayer,
2016) would be effective for fostering (transfer of) unbiased reasoning. Students were
provided with instruction on the importance and features of CT, on the skills and attitudes
needed to think critically, and on several heuristics-and-biases tasks. Subsequently, they
performed practice activities on domain-relevant problems in the task categories they
were given instructions on, either with or without self-explanation prompts. Results
revealed that learning outcomes improved after instruction/practice (i.e., from pretest to
posttest) and remained stable after a two-week delay. In contrast to previous findings in
a variety of domains (for a review see Bisra et al., 2018), however, prompting self-
explanations had no differential effect — compared to the control condition that did not
receive prompts — on learning gains or transfer performance. Remarkably, mental effort
investment did not differ across conditions. That raises the possibility that students in the
control condition had also engaged in generative processing, for instance by covertly
trying to come up with explanations for the questions. Additionally, it was explored
whether the quality of students’ self-explanations was related to their performance.
Results indicated that this was the case: learners who gave lower quality self-
explanations also performed worse on the learning (but not on transfer) items on the test,
which seems to corroborate the idea that a higher quality of self-explanations is related
to higher performance (Schworm & Renkl, 2007). It is possible, however, that this finding
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reflects a priori knowledge or ability difference rather than an effect of the quality of self-
explanations on performance.

In Chapter 3, two experiments (laboratory and classroom) tested whether creating
variability during practice through interleaved practice (in which practice task categories
vary from trial to trial, as opposed to blocked practice; e.g., Barreiros et al., 2007;
Helsdingen et al., 2011; Rau et al., 2013) would be effective for fostering unbiased
reasoning. While interleaved practice has been shown to enhance learning (e.g.,
Helsdingen et al., 2011a, 2011b) it is usually more cognitively demanding than blocked
practice, and a very high cognitive load may hinder learning (Paas et al., 2003a).
Therefore, it was additionally examined whether learners would experience lower
cognitive load and benefit more from interleaved practice, when using worked examples
as opposed to practice problems (cf. Paas & Van Merriénboer, 1994). Worked examples
have been shown to reduce ineffective cognitive load (compared to practice problems;
Van Gog et al., 2019). After receiving explicit instruction on CT and specific heuristics-
and-biases tasks, students either practiced in an interleaved schedule with worked
examples, an interleaved schedule with problems, a blocked schedule with worked
examples, or a blocked schedule with problems. In both experiments, learning outcomes
again improved after instruction/practice (i.e., from pretest to posttest). However,
contrary to expectations and previous findings (e.g., Barreiros et al., 2007; Likourezos
et al., 2019; Moxley, 1979), there were no indications that interleaved practice led to
better learning or transfer than blocked practice, irrespective of task format.
Interestingly, the laboratory experiment demonstrated a benefit of studying worked
examples over solving problems on learning outcomes, reached with less effort during
the tests (i.e., more effective and efficient: Hoffman & Schraw, 2010; Paas & Van
Merriénboer, 1993; Van Gog & Paas, 2008). The classroom experiment replicated this
worked example efficiency and demonstrated that this was the case for novices, but not
for learners with relatively more prior knowledge. Hence, these experiments were the
first to show that the worked example effect also applies to novices’ training of CT-skills
(e.qg., Paas & Van Gog, 2006; Renkl, 2014; Van Gog et al., 2019). The observation from
the second (i.e., classroom) experiment also supports findings regarding the expertise
reversal effect (e.g., Kalyuga et al., 2003, 2012), which shows that while instructional
strategies that assist learners in developing cognitive schemata are effective for low-
knowledge learners, they are often not effective for higher-knowledge learners.

The classroom study reported in Chapter 4 investigated whether comparing correct and
erroneous examples (i.e., contrasting examples) would enhance unbiased reasoning
more than studying correct examples only, studying erroneous examples only, and
solving practice problems. Students were provided with the CT-instructions and practice
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on domain-relevant problems, under one of the four conditions. Results revealed that
students’ learning outcomes again improved from pretest to posttest. Moreover, their
performance improved even further after a three-week and nine-month delay, although
the latter finding could also be attributed to the further instructions that were given in
courses in-between the three-week and nine-month follow up. Unexpectedly, however,
results did not reveal any differences among conditions on either learning outcomes or
transfer performance and, thus, differ from findings of previous studies (e.g., Durkin &
Rittle-johnson, 2012; Kawasaki, 2010; Loibl & Leuders, 2018, 2019; Siegler, 2002).
Moreover, it is surprising that this study did not reveal a beneficial effect of studying
correct examples as opposed to practicing with problems (i.e., worked example effect),
which is contrary to the finding in Chapter 3 and findings of previous studies on many
other tasks (e.g., Renkl, 2014; Van Gog et al., 2019).

In Chapter 5, a classroom study was described that empirically investigated whether
repeated retrieval practice over time (i.e., working on practice tasks in sessions that were
weeks apart), would be beneficial for learning to reason in an unbiased manner and
whether it can additionally facilitate transfer. Students were instructed on CT and
avoiding belief-bias in syllogistic reasoning and practiced with syllogisms on domain-
relevant problems. After each practice-task, they received correct-answer feedback and
were given a worked example. Depending on assigned condition, they did not engage
in extra practice, practiced a second time (week later), or practiced a second (week
later) and third time (two weeks after second time). Consistent with previous repeated
retrieval findings (e.g., Butler, 2010; McDaniel et al., 2012, 2013; Roediger & Butler,
2011), results revealed that average performance scores during practice sessions
increased with more repetitions. However, repeated retrieval practice did not have a
significant effect, compared to practicing just once, on learning outcomes on the final
test, as judged by total scores (MC-answers plus justification). Exploring performance
on MC-answers only revealed pretest to posttest learning gains, suggesting that
students did benefit from instruction/practice but may have been unable to justify their
answers. Effects on transfer could not be tested due to a floor effect. It seems possible
that the feedback after each practice task eliminated the effects of repeated retrieval, in
line with findings from recent research (Kliegl et al., 2019; Pastétter & Bauml, 2016; Storm
et al., 2014), since students spent more time on worked-example feedback after
incorrect than correct retrievals.

The study in Chapter 6 focused exclusively on identifying whether unsuccessful transfer
of CT-skills would be due to a failure to recognize that acquired knowledge is relevant in
a new context, to recall that knowledge, or to apply that knowledge to the new context
(i.e., the three-step model of transfer; Barnett & Ceci, 2012). In two experiments
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(classroom and laboratory), students received explicit instructions on CT and avoiding
belief-bias in syllogistic reasoning and practiced with syllogisms on domain-relevant
problems. This time, students’ performance was measured on syllogisms with different
story contexts (to assess learning), syllogisms in a different format (to assess near
transfer), and novel tasks that shared similar features with syllogisms (to assess far
transfer) both on a pretest and immediate posttest. On the posttest transfer items,
students received no support, received hints that the information provided in the learning
phase is relevant for these items (recognition support), received hints that the information
provided in the learning phase is relevant and were prompted to recall the acquired
knowledge (free recall), or received hints that the information provided in the learning
phase is relevant and receiving a reminder of the paper-based overview of that
information that they received (recall support). The effects of support for different steps
in the process were compared to infer where difficulties arise for learners (cf. Butler et
al, 2013, 2017). Additionally, it was explored (within the free recall condition) whether
students’ ability to recall the acquired knowledge was related to their posttest
performance on near and far transfer items. Over the two experiments, learning and near
transfer outcomes improved after instruction/practice (i.e., from pretest to posttest).
Results even showed some increase on far transfer items, but the far transfer scores
were overall rather low, so there was still a lot of room for improvement. Interestingly,
students did not benefit from recognition and recall support while solving transfer tasks
(i.e., there were no significant differences among conditions). This finding suggests that
students were able to recognize that the acquired knowledge was relevant to the new
task and to recall that knowledge, but had difficulties in applying the relevant knowledge
to the new tasks. However, findings from the free recall condition do not fully support the
idea that it is only an application/mapping problem. Most students did not retrieve all
relevant information from memory, and exploratory analyses pointed to moderate-to-
large positive correlations between students’ retrieved knowledge and their performance
on near and far transfer items. This may suggest that suboptimal recall is at least partially
responsible for unsuccessful transfer as well. Descriptive statistics support this idea:
students who received recall support had higher (though not significantly higher) scores
than the other conditions on far transfer items at posttest in the laboratory study and on
near transfer items at posttest in the classroom study.
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Discussion of main findings

Together, the studies in this dissertation seem to corroborate findings of previous studies
on teaching CT in general (Abrami et al., 2014, 2018) and unbiased reasoning in
particular (Heijltjes et al., 2014a, 2014b, 2015) that providing students with explicit CT-
instruction and the opportunity to practice with domain-relevant problems improves
learning outcomes. Although we did not include a no-instruction/practice control
condition, students did show pretest to posttest performance gains on
practiced/instructed items, and their performance remained stable or improved even
further after a delay of (several) weeks (Chapters 2 to 4). Regarding the effect of
instruction/practice on transfer, the study in Chapter 6 showed a noticeable progress on
near transfer from pretest to posttest, that is, after instructions and practice activities'.
However, there were no or very limited indications of progress on far transfer (Chapters
2 and 6, respectively)', which is in line with findings of previous studies that examined
effects on far transfer (Heijltjes et al., 2014a, 2014b, 2015). Taken together, this research
extends prior research on teaching for transfer of CT-skills and confirms that transfer
between closely related situations occurred more often than transfer between situations
that had less in common (Barnett & Ceci, 2002; Bray, 1928; Dinsmore et al., 2014).

Remarkably, the generative processing strategies did not work as expected: Chapters
2 to 5 found no indications that these strategies — be it self-explaining during practice,
interleaved practice, comparing correct and erroneous examples, or repeated retrieval
practice — further improved learning or transfer of CT-skills. It has been well established
that encouraging generative processing fosters knowledge acquisition and transfer of
various cognitive skills (e.g., Fiorella & Mayer, 2016; Wittrock, 2010). As such, it is
somewhat surprising that generative processing strategies did not seem beneficial for
fostering CT-skills.

There are several possible explanations for this absence of differential effects of
generative processing strategies on learning and transfer. The possible strategy-specific
explanations and preconditions have been addressed in the respective chapters, so |
will not repeat them here, but instead, | will focus on the overarching issues. First, it
seems possible that the CT-instructions, which included worked examples, already had
a substantial effect on learning unbiased reasoning, making it difficult to find differential
effects of different types of practice activities. Most studies on the effects of generative
processing strategies with other types of cognitive tasks use pure practice conditions or

2 Near transfer items were only included in the tests of the study presented in Chapter 6.
13 The studies presented in Chapters 3, 4, and 5 did not include transfer items in the pretest and were, therefore, not
able to detect transfer gains.
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give minimal instructions prior to practice (e.g., Fiorella & Mayer, 2016). Thus, the effects
are usually not investigated in a context in which elaborate processing of instructions
precedes practice, as in the studies in this dissertation.

Second, the absence of differential effects of generative processing on learning may be
related to the affective and attitudinal dimension of CT. Being able to think critically relies
on the extent to which one possesses the requisite skills and is able to use these skills,
but also on whether one is inclined to use these skills (i.e., thinking dispositions; Perkins
et al., 1983). It is possible, for instance, that generative processing would only benefit
students who score high on thinking dispositions (such as need for cognition, Cacioppo
& Petty, 1982, or actively open-minded thinking, Stanovich & West, 2007). A possible
interaction between generative processing strategies and thinking dispositions could not
be investigated in this dissertation, however, because thinking dispositions were not
assessed.

Third, in some studies, the classroom setting might explain why there were no differential
effects of generative processing. In Chapter 2, | already pointed to the possibility that
because the study was conducted in an existing CT-course (as in all classroom studies
part of this dissertation), students’ willingness to invest effort in their performance may
have been higher than generally in psychological laboratory studies. The learning
materials from the study were also relevant for the course/exam and their performance
actually mattered (intrinsically or extrinsically) to them. Not so much on the posttest of
this study, which did not have consequences for their exam grade, but on such tasks in
general. As such, students in the control condition may have engaged in generative
processing themselves, for instance by covertly trying to come up with explanations for
the questions. It is therefore possible that effects of generative processing strategies
such as self-explaining found in the psychological laboratory — where students
participate to earn required research credits and the learning materials are not part of
their study program — might not readily transfer to field experiments conducted in real
classrooms. This could be a possible explanation for the lack of effects of contrasting
examples (Chapter 4) as well, in which the control conditions may have tried to compare
the given correct (or erroneous) examples with internally represented erroneous (or
correct) solutions. | will discuss recommendations for future research based on this
assumption later in this chapter. It should be noted though, that the above argument
probably cannot fully explain the absence of differential effects of interleaved practice
(Chapter 3) and repeated retrieval practice (Chapter 5), where motivational aspects are
less crucial. To illustrate, in Chapter 3, students in the control condition practiced in a
blocked schedule and could not easily engage in interleaved practice themselves.
Moreover, Chapter 3 included both a classroom and laboratory study and consistently
demonstrated a lack of differential effects and, therefore, the classroom setting argument
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cannot fully explain the absence of differential effects of this generative processing
strategy.

A possible reason for the lack of transfer to novel problem types in general, might be
related to the duration or extensiveness of the practice activities. Even though substantial
evidence is provided that students learned to solve abstract heuristics-and-biases tasks
(Chapters 2 to 6) and tasks closely related to those instructed (Chapter 6), their subject-
matter knowledge may have been insufficient for solving more complex or novel CT-
tasks. That might explain the considerably low levels of performance on far transfer items
in all chapters. As such, it can be argued that establishing transfer to novel problem
types needs longer or more extensive practice. Additionally, Chapter 6 implies that
instructional interventions aimed at far transfer of CT-skills should focus on recall of the
acquired knowledge and application of that knowledge onto novel tasks, since students
seem to have most difficulty with these steps in the transfer process (for the three-step
model of transfer, see Barnett & Ceci, 2012). These explanations are not mutually
exclusive and should be investigated further in future research. | will elaborate on this
when giving suggestions for future work. Nonetheless, the series of studies presented in
this dissertation do show — contrary to the assertion made by Halpern and Butler (2019)
that teaching CT-skills explicitly with multiple examples from different contexts will
facilitate transfer to novel contexts — that establishing transfer of CT-skills to novel
problem types is no easy feat, at least with regard to skills required for unbiased
reasoning.

Taken together, providing students with explicit CT-instruction and opportunities to
practice with domain-relevant problems is beneficial for learning unbiased reasoning,
but what kind of practice activity does not seem to matter. The latter finding may be
explained by the magnitude of the effect of the CT-instruction itself, the nature of the
practice tasks (i.e., heuristics-and-biases tasks), and/or the setting of the experiments.
Furthermore, findings suggest that these instructions and practice opportunities may
also enhance near transfer, but are not sufficient to establish further transfer. As such, it
can be suggested that bringing about far transfer needs longer or more extensive
practice, in which obstacles such as suboptimal recall and application should be
countered.

Methodological issues

Several methodological issues need to be discussed. Again, | will focus on the
overarching issues as study specific issues have been addressed in each chapter. First,
the measures in Chapters 2 to 4 showed low levels of reliability. Reliability issues are
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quite common in research using tests consisting of heuristics-and-biases tasks (Aczel
et al., 2015b; Bruine de Bruin, 2007; Janssen et al., 2019a; West et al., 2008) and multiple
studies revealed concerns with the reliability of widely used standardized CT tests,
particularly with regard to subscales (Bernard et al., 2008; Bondy et al., 2001; Janssen
et al., 2020; Ku, 2009; Liu et al., 2014; Leppa, 1997; Loo & Thorpe, 1999; Rear, 2019).
Low levels of reliability decrease statistical power and, thereby, reduce the chance of
detecting true effects (e.g., Cleary et al., 1970; Rogers & Hopkins, 1988). Furthermore,
given that the point estimates of the crucial interaction effects appeared to be very small,
these may have been difficult to detect.

In this dissertation, the low levels of reliability can probably be explained in terms of
multidimensionality of the tests encompassing several heuristics-and-biases tasks, a
factor often ignored in current research. That is, when tests represent multiple constructs
that do not correlate with each other. As alluded to earlier, performance on such tasks
depends not only on the extent to which that task elicits a bias (resulting from heuristic
reasoning), but also on the extent to which one possesses the requisite mindware. Thus,
systematic variance in performance on such tasks can either be explained by a person’s
use of heuristics or his/her available mindware. If it differs per item to what extent a
correct answer depends on these two aspects, there may not be a common factor
explaining all interrelationships between the measured items. In that case, the theoretical
assumption of unidimensionality is violated.

In the research presented in this dissertation, the general reliability issue may have
increased even more since multiple task types were included in the CT-skills tests,
requiring different types of mindware (e.g., rules of logic or probability). Hence, | have
attempted to increase reliability of the measures in Chapters 5 and 6, by constructing
tests with multiple items of one task category to narrow down the tests into single
measurable constructs and, thereby, to decrease measurement error (LeBel &
Paunonen, 2011). Indeed, these compositions led to quite reliable measures. However,
even though biased reasoning is a very important aspect of CT, it is already a rather
restricted operationalization and this focus on one task category narrowed it even further.
To achieve further progress in research on instructional methods for teaching CT, more
knowledge on the construct validity of CT in general and unbiased reasoning is needed,
and reliable (aspect-specific) tests of CT should be developed. That seems challenging,
however, especially given that for practical use in educational contexts, tests cannot be
overly long.

Along with the issues raised, it should be considered to what extent the tests in the
research reported in this dissertation and previous research by others, accurately

assessed CT as it is practised in the real world, that is, outside education. | would argue
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that the current findings do provide valuable insights into how people reason, given that
heuristics-and-biases tasks represent how people judge under uncertainty and in
various contexts; heuristics and biases appear in newspapers, books, courses, and
applications of many kinds. Especially since in this dissertation — contrary to
standardized CT-tests and most research on heuristics-and-biases tasks — CT was
assessed at the level of individual study domains (i.e., content of the tasks was adapted
to specific study domains) and could, therefore, be evaluated within authentic contexts.
To illustrate, in Chapter 6, students’ ability to evaluate the logical validity of arguments in
a written news item or article on a topic that they might encounter in their working life,
was assessed. Hence, performance on these tasks could presumably predict everyday
reasoning, as has already been assumed in various studies (see for example, Gilovich
et al., 2002).

A strength of the research presented in this dissertation, is that it follows the standards
of an open research culture by using open practices. Open practices are designed to
make scientific processes and results more transparent and accessible to others than
the researchers involved (e.g., Nosek et al., 2015). It includes making complete research
materials, designs, and data freely available to anyone, which makes it easier to replicate
and evaluate scientific findings (for instance because both null results and statistically
significant results are accessible). Although transparency and openness are readily
recognized as disciplinary norms and values, scientific practice often fails to adhere
these valued features (loannidis et al.,, 2014; John et al.,, 2012; Open Science
Collaboration, 2012). Practicing open science has been central to the research reported
in this dissertation. The study presented in Chapter 2 has already been published open
access'# and, for all studies, important aspects of the research design and data analyses
are publicly available on the online repository ‘Open Science Framework’ (OSF).

Furthermore, this dissertation is strengthened by the fact that some of the studies have
been preregistered on the OSF repository (Chapters 5 and 6), with specific details such
as the hypotheses, planned analyses, and rules for data exclusions recorded prior to the
data-analyses. The practice of pre-registration was introduced in response to some
serious issues in academic publishing. These included, for instance, the use of
‘questionable research practices’ by individual researchers, such as manipulating
statistics to obtain significant effects (p-hacking) and hypothesizing after the results are
known (HARKing; John et al., 2012; Simmons et al., 2011). Both open practices and pre-
registrations help to more accurately assess the evidence base for phenomena and are,
therefore, imperative to increase confidence in scientific findings.

4 In time, the studies presented in the other chapters will be publicly available as well, through publications in open
access journals or preprints on the OSF-repository.
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Summary and general discussion
Implications for practice and future directions

Educational practice and future research could benefit from the findings presented in
this dissertation both from a theoretical and practical point of view. The findings clearly
indicate that providing students with explicit CT-instruction and the opportunity to
practice with domain-relevant problems has the potential to improve learning. It is
important to emphasize, however, that there is no one-size-fits-all recommendation in
terms of best practice activity. These acquired insights advocate for CT integration in
higher education curricula and explicit CT objectives at course level (i.e., CT as
important learning outcome), for instance through explicit CT-courses. Acquisition of
requisite mindware was particularly central to this dissertation, but perhaps instructional
designs should pay more attention to changing students’ thinking dispositions. To
illustrate, a student who masters CT-skills but is unwilling to put in the mental effort to
use these skills on complex or novel CT-tasks, will be no better off than a student without
these CT-skills. Investigating the exact role of students’ thinking dispositions in fostering
unbiased reasoning and developing an approach aimed at improving both aspects will
be a fruitful area for further work. Enhancing thinking dispositions may require building
a certain culture of thinking in the classroom, in which students are exposed to models
of thinking of fellow students, supported in cultural interaction, and provided with direct
instructions on thinking dispositions (cf. enculturation model; Tishman et al., 1993). Also,
future research could explore whether changes as complex as these may be realized
through personalized approaches, such as personalized feedback (Marsh & Eliseev,
2019). It is important, then, to ensure that students believe in and process that feedback
(Rich et al., 2017), which, however, is often left to the discretion of students.

To specifically address development of deep learning of CT-skills, instructional design
studies as in this dissertation could be preceded by research that identifies the exact
factors that help or hinder learning of that explicit CT-skill. Chapter 6 is a useful example
of how to design such a study. This chapter provided initial insights into the obstacles
that prevent successful transfer of overturning belief-biased responses when evaluating
the logical validity of arguments; students seem to have most difficulty with recall of the
acquired knowledge and application of that knowledge onto novel tasks. Future studies
should therefore focus on the recall and application/mapping steps in the transfer
process. However, it could not be determined from this study why students have
difficulties with these steps in the transfer process, which should be addressed in future
investigations. Furthermore, the question of how to facilitate transfer of CT-skills remains
of interest. Assuming that unsuccessful transfer of CT-skills can be attributed to recall
and application/mapping problems, the challenge for researchers and educational
practitioners (e.g., consultants, teachers) in the CT-domain is to develop instructional
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Chapter 7

designs that focus on these steps in the transfer process. A possible direction could be
to provide exemplars of knowledge application while gradually remove scaffolding (cf.
four-component instructional design model; Van Merriénboer et al., 1992) or while fading
from concrete-to-abstract situations (i.e., concreteness fading; McNeil & Fyfe, 2012).

More broadly, a key challenge of classroom studies is to prevent noisy or incomplete
data produced by these realistic settings (e.g., Hulleman & Cordray, 2009), which would
make it more difficult to detect any (small) effect. Issues as these can be (at least
partially) addressed by using large sample sizes and collecting multiple data points per
participant. Moreover, to increase the impact, transfer, and translation of education
research into improved practice, it seems promising to additionally conduct instructional
design research within even more realistic settings than in this dissertation (e.g., through
education design research; McKenney & Reeves, 2018). Education design research
blends empirical investigation with systematic development and implementation of
solutions, such as improved instructional designs, for educational problems. To establish
transfer of CT-skills, a longer, but carefully structured, intervention based on principles
derived from prior fundamental research may be needed. A comprehensive CT-course
(that fosters the cultivation of both CT-skills and thinking dispositions) can possibly meet
these needs, which takes long-term studies in realistic settings to test its effectiveness.

All of this assumes, of course, that those who teach CT are equipped with the knowledge
and skills needed to effectively teach unbiased reasoning (e.g., Elen et al., 2019;
Klassen & Tze, 2014). The challenge is for educators to know what is needed, and when.
Furthermore, for educators to teach CT, they need to consider teaching CT as relevant
(e.qg., Eccles & Wigfield, 2002; Elen et al., 2009) and should have confidence in their
ability to teach CT (Janssen et al., 2019b). To achieve this ambitious goal, we can
facilitate educators by including (teaching/explaining) CT in professional development
programs (e.g., Janssen et al., 2019a) and sharing CT resources that they could use in
their own courses (e.g.,, Dutch online platform Kritisch Leren Denken:
https://kritischdenkenhbo.nl/).

Conclusion

This dissertation sheds light on fostering higher education students’ learning and transfer
of CT-skills, focusing specifically on avoiding bias in reasoning. The evidence presented
highlights the importance of explicit CT-instruction and practice opportunities for
learning of these skills. It also demonstrated that generative processing is not a panacea
for all kinds of learning tasks: it does not seem to improve learning and transfer of CT-
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Summary and general discussion

skills required for unbiased reasoning. This dissertation again underlines the great
difficulty encountered when seeking to enhance CT-skills in such a way that these would
also transfer across tasks/domains. All things considered, to help students become
good critical thinkers in the sense they can apply the acquired skills to a variety of tasks
and contexts, it seems valuable to develop longer CT interventions or comprehensive
CT courses. To conclude, | believe further progress in this area will come from instruction
designs that are grounded in solid laboratory and classroom studies.
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Elke dag nemen we allerlei beslissingen en vellen we oordelen. Wanneer je de trein in
stapt, maak je bijvoorbeeld een besluit waar je gaat zitten. En hoor je in die trein iemand
veelvoudig niezen, dan ga je er momenteel al snel van uit dat diegene een virus
opgelopen heeft. Doordat we vaak beperkt zijn in de tijd en in de hoeveelheid informatie
die we tot onze beschikking hebben, maken we in ons denken gebruik van heuristieken
(ofwel vuistregels). Heuristieken helpen ons om de grote hoeveelheid informatie die we
dagelijks tegenkomen aan te kunnen en om redeneerprocessen te vereenvoudigen.
Daardoor kunnen we relatief snel beslissingen nemen, vaak zonder dat we ons er bewust
van zijn. Maar heuristiecken maken ons ook vatbaar voor systematische redeneerfouten,
die ook wel biases worden genoemd (Tversky & Kahneman, 1974). Wanneer men
bijvoorbeeld gevraagd wordt om in te schatten of het waarschijnlijker is dat iemand
overlijdt aan het coronavirus of dat iemand overlijdt aan het coronavirus én ouder is dan
70 jaar, dan zal de intuitieve reactie van de meeste mensen zijn dat de tweede optie
waarschijnlijker is. Doordat de relatie tussen overlijden aan het coronavirus en het
hebben van een hogere leeftijd vaak genoemd wordt en dus herkenbaar is, hebben we
de neiging om de kans op deze combinatie te overschatten: we maken in dit geval
gebruik van de representativiteitsheuristiek (Tverksy & Kahneman, 1983). De kans dat
een bepaalde combinatie van gebeurtenissen voorkomt is echter altijd kleiner dan de
kans dat slechts een van deze gebeurtenissen voorkomt. Het is dus waarschijnlijker dat
iemand overlijdt aan het coronavirus, dan dat diegene ook nog ouder is dan 70 jaar. In
dit geval leidt het gebruik van een heuristiek dus tot een systematische redeneerfout.

Het gebruik van heuristieken kan leiden tot redeneerfouten met ernstige gevolgen. Zeker
in de complexe beroepssituaties waarin de meeste afgestudeerden in het hoger
onderwijs terecht komen, zoals in de medische, economische of juridische sector. Denk
bijvoorbeeld aan het verkeerd toedienen van medicatie, het geven van onjuist financieel
advies of het onterecht veroordelen van een verdachte voor een strafbaar feit. Het
tegengaan van systematische redeneerfouten vereist dat een intuitieve reactie wordt
onderdrukt en wordt vervangen door een rationele reactie, die gebaseerd is op
redeneerregels of -strategieén (uit de logica en waarschijnlijkheidstheorie; Kahneman &
Tversky, 1972, 1973; Tversky & Kahneman, 1974). Ofwel, dat je kritisch kunt denken.
Kritisch denken betekent, kort gezegd, dat je “redeneert en reflecteert voordat je een
standpunt inneemt of een besluit neemt hoe te handelen en dat je kunt verklaren waarop
dat standpunt of het besluit is gebaseerd”®. Het is dus van belang dat studenten in het
hoger onderwijs worden opgeleid tot kritisch denkende professionals (Davies, 2013;

5 Deze werkdefinitie is gebaseerd op de toonaangevende definitie van kritisch denken voor onderwijs en
onderzoek, die is opgesteld door een panel van deskundigen: “kritisch denken wordt beschouwd als het vermogen
om doelgericht, zelfregulerend te oordelen, resulterend in interpretatie, analyse, evaluatie en gevolgtrekking, alsook
het verklaren waarop dat oordeel is gebaseerd in termen van bewijzen, concepten, methodes, criteria en
contextuele overwegingen” (APA: Facione, 1990, p.2).
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Facione, 1990; Halpern, 2014; Van Gelder, 2005). Een belangrijk kenmerk van een
kritisch denkende professional is dat hij/zij in staat is om onbevooroordeeld te redeneren
en beslissingen te nemen, zonder systematische redeneerfouten te maken. Er bestaan
echter tal van systematische redeneerfouten en het is niet haalbaar om studenten te
trainen in het vermijden van elk type redeneerfout. Daarom is het de uitdaging
leeractiviteiten z6 te ontwerpen dat de kritisch-denken-vaardigheden van studenten niet
alleen verbeteren op de getrainde redeneertaken in een gegeven context, maar dat de
geleerde vaardigheden ook tot verbetering leiden op andersoortige redeneertaken of tot
een verbetering van de getrainde redeneertaken in een andere context. Met andere
woorden, het doel van kritisch-denken-instructie is onder meer dat er transfer optreedt
van de geleerde vaardigheden naar nieuwe taken en situaties. De vraag die in dit
proefschrift centraal stond, was dan ook hoe kritisch-denken-instructie het beste kan
worden vormgegeven om ervoor te zorgen dat studenten in het hoger onderwijs (1) leren
om systematische redeneerfouten te vermijden en (2) het geleerde kunnen toepassen
op nieuwe redeneertaken en in nieuwe situaties (transfer).

Om nieuwe leerstof langere tijd te onthouden en te kunnen toepassen in nieuwe situaties,
moet de leerstof actief verwerkt worden. Zogenoemde  ‘generatieve
verwerkingsstrategieén’ (Engels: generative processing strategies) kunnen hieraan
bijdragen: ze vereisen van studenten dat zij extra inspanningen leveren tijdens het leren
(bijvoorbeeld door het genereren van verklaringen of vergelijkingen) en zorgen ervoor
dat betekenis wordt gegeven aan de leerstof. Generatieve verwerking helpt om
informatie in het geheugen te organiseren in samenhangende kennisstructuren en te
integreren met reeds aanwezige kennis (Grabowski, 1996; Osborne & Wittrock, 1983;
Wittrock, 1974, 1990, 1992, 2010). Bovendien kan het studenten helpen om de
onderliggende principes van een probleem te identificeren en te leren welke
oplossingsprocedure voor dit type probleem nodig is. Als een nieuw probleem
vervolgens hetzelfde onderliggende principe heeft en de student herkent dit, dan kan
hij/zij de aangeleerde procedure gebruiken om het nieuwe probleem op te lossen. Er
treedt dan transfer op. Generatieve verwerkingsstrategieén zijn effectief gebleken voor
het leren en de transfer van diverse vaardigheden (zie bijv. Fiorella & Mayer, 2016;
Wittrock, 2010), maar het was nog onduidelijk of ze ook helpen bij het leren om
systematische redeneerfouten te vermijden. In de studies in hoofdstuk 2 tot en met 5
werd daarom onderzocht of generatieve verwerkingsstrategieén eveneens het leren en
de transfer van kritisch-denken-vaardigheden verder verbeteren (bovenop de effecten
van instructie en oefening). In de studie in hoofdstuk 6 is daarnaast onderzocht welke
factoren succesvolle transfer van kritisch-denken-vaardigheden belemmeren.

De generatieve verwerkingsstrategieén die in dit proefschrift zijn onderzocht, waren:
studenten aansporen om aan zichzelf hun redeneerproces uit te leggen tijdens het
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oefenen, ook wel ‘zelfverklaren’ genoemd (hoofdstuk 2); variatie aanbrengen in
taaktypen tijdens oefening, waarmee vergelijkingen tussen taken maken (impliciet) wordt
aangemoedigd (hoofdstuk 3); studenten stimuleren om correcte en incorrecte
‘uitgewerkte voorbeelden’ te vergelijken (hoofdstuk 4); en op meerdere momenten
oefentaken aanbieden aan studenten, zodat zij die informatie herhaaldelijk uit hun
geheugen moeten ophalen (hoofdstuk 5). De effecten van deze strategieén, ofwel
interventies, werden getest in experimenten die plaatsvonden in de praktijk van het
hoger onderwijs. Zo werd in de studie in hoofdstuk 2 één groep studenten aangezet tot
zelfverklaren. In elke studie was er minstens één controlegroep, die een andere of geen
interventie kreeg. Eerst werd bij alle groepen een voormeting (pretest) afgenomen.
Vervolgens kregen ze instructies over kritisch denken (het belang en de kenmerken van
kritisch denken en de vaardigheden en houding die nodig zijn om kritisch te denken) en
over specifieke heuristics-and-biases taken, vergelijkbaar met het
‘coronavirusvoorbeeld’” aan het begin van dit hoofdstuk. Daarna werd er geoefend, al
dan niet met extra interventie. Direct na het oefenen werd er een nameting (posttest)
afgenomen. In elk hoofdstuk werd dus op tenminste twee momenten de mate van
onbevooroordeeld redeneren en de mentale inspanning gemeten (pretest en posttest).
Onbevooroordeeld redeneren werd in kaart gebracht door prestatie op heuristics-and-
biases taken van de test te bepalen, zowel voor taakcategorieén die deel uitmaakten
van de oefenfase (hiermee werd het leren gemeten) als voor nieuwe taakcategorieén
met dezelfde onderliggende principes (hiermee werd transfer gemeten). In hoofdstuk 2
en 4 werden studenten tevens op een later moment, tussen de twee weken en negen
maanden, getest (verlate posttest).

De hoofdbevindingen

In hoofdstuk 2 werd onderzocht of het aanzetten van studenten tot zelfverklaren, ofwel
het aan zichzelf uitleggen van hun redeneerproces (Bisra et al., 2018; Chi, 2000; Fiorella
& Mayer, 2016) tijdens het oefenen, effectief zou zijn voor het leren en de transfer van
de vaardigheid om systematische redeneerfouten te vermijden. De studie werd
uitgevoerd in de context van een hbo-vak. De studenten ontvingen eerst de instructies
over kritisch denken. Vervolgens oefenden ze met een aantal taken in de context van
domeinrelevante problemen. Dat wil zeggen dat de taken realistische problemen
bevatten uit het studiedomein van de studenten, in dit geval Integrale Veiligheidskunde.
Tijdens het oefenen werd de helft van de studenten gevraagd om zelfverklaringen te
genereren. Uit de resultaten bleek dat de prestaties van studenten op de leertaken
verbeterden van pretest naar posttest en dat dit prestatieniveau na twee weken nog even
hoog was. Dat wil zeggen dat studenten na de instructie en het oefenen beter in staat
waren om systematische redeneerfouten te vermijden op de leertaken. Er was echter
geen verschil in prestaties op de leer- en transfertaken tussen de groep die werd
aangezet tot het genereren van zelfverklaringen en de controlegroep die niet werd
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aangezet tot zelfverklaren. Bovendien was het opmerkelijk dat de mentale inspanning
die studenten leverden tijdens het maken van de taken niet verschilde tussen de twee
groepen. Mogelijk hebben de studenten in de controlegroep ook generatieve
verwerkingsprocessen gebruikt, bijvoorbeeld door spontaan zelfverklaringen te
genereren. In dit hoofdstuk is daarnaast onderzocht of de kwaliteit van de
zelfverklaringen van de studenten gerelateerd was aan hun prestaties op de leer- en
transfertaken. Dit was inderdaad het geval: de studenten die verklaringen van hogere
kwaliteit gaven, presteerden ook beter op de leertaken op de posttest (maar niet op de
transfertaken). Eenvoudiger gezegd, de studenten die beter waren in het aan zichzelf
uitleggen van hun redeneerproces, presteerden ook beter. Deze correlatie duidt wellicht
op een causaal verband: door aan zichzelf hun eigen redeneerproces uit te leggen,
gaan studenten beter presteren. Het kan echter ook zo zijn dat studenten met een hoger
algemeen kennis- of vaardigheidsniveau betere zelfverklaringen genereren en beter
presteren dan mensen met een lager kennisniveau.

In hoofdstuk 3 werd onderzocht of het creéren van variatie in oefening effectief zou zijn
voor het bevorderen van leren en transfer. Er werden twee experimenten uitgevoerd; een
met universitaire studenten in het laboratorium en een met hbo-studenten in de context
van een vak. De variatie in oefening werd gecreéerd door de oefentaken af te wisselen
die betrekking hadden op verschillende redeneerfouten (Engels: interleaved practice;
bijv. Barreiros et al., 2007; Helsdingen et al., 2011; Rau et al., 2013) in plaats van de
oefentaken gegroepeerd per redeneerfout aan te bieden (Engels: blocked practice). Bij
een gevarieerd oefenschema werden de verschillende type oefentaken dus afgewisseld
— ABACBCAABC - terwijl bij een gegroepeerd oefenschema blokken met dezelfde type
oefentaken werden aangeboden — AAA-BBB-CCC. Afwisseling in taaktypen is belangrijk
om studenten te leren verschillende oplossingsprocedures te gebruiken: bij elke taak
moet immers het type probleem en een passende oplossing herkend worden. Hoewel
dit bijdraagt aan betere prestaties op de langere termijn (bijv. Helsdingen et al., 2011a,
2011b), doet het een groter beroep op het werkgeheugen dan oefenen in een
gegroepeerd schema. Omdat een te hoge werkgeheugenbelasting het leren kan
belemmeren (Paas et al., 2003a), is tevens onderzocht of studenten meer zouden
profiteren van afwisseling in taaktypen, wanneer ze uitgewerkte voorbeelden
bestudeerden in plaats van dat ze oefenproblemen oplosten (vgl. Paas & Van
Merriénboer, 1994). Het bestuderen van uitgewerkte voorbeelden — dit zijn oefeningen
waarvan de oplossing volledig is uitgeschreven — leidt namelijk tot een lagere belasting
van het werkgeheugen, terwijl de leerprestaties gelijk blijven of zelfs verbeteren (Van
Gog et al., 2019). Nadat de studenten de instructie over kritisch denken ontvingen,
volgden zij of (1) een gevarieerd oefenschema met uitgewerkte voorbeelden, of (2) een
gevarieerd oefenschema met probleem-oplostaken, of (3) een gegroepeerd
oefenschema met uitgewerkte voorbeelden of (4) een gegroepeerd oefenschema met
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probleem-oplostaken. In beide experimenten verbeterden de prestaties op de leertaken
opnieuw na de instructie en het oefenen. Er waren echter geen aanwijzingen dat een
gevarieerd oefenschema tot betere prestaties leidde op de leer- of transfertaken dan
een gegroepeerd oefenschema, ongeacht of er geoefend werd met uitgewerkte
voorbeelden of probleem-oplostaken. Een interessante bevinding uit het experiment met
de universitaire studenten was dat het bestuderen van uitgewerkte voorbeelden tot
betere prestaties op de leertaken leidde dan het oplossen van oefenproblemen.
Bovendien werden deze prestaties bereikt met minder mentale inspanning tijdens de
tests; dat wil zeggen dat de uitgewerkte voorbeelden zowel effectiever als efficiénter
waren (Hoffman & Schraw, 2010; Paas & Van Merriénboer, 1993; Van Gog & Paas,
2008). Het tweede experiment met de hbo-studenten repliceerde dit positieve effect van
uitgewerkte voorbeelden maar alleen bij beginners (studenten die nog weinig of geen
voorkennis hadden) en niet bij meer gevorderden. Deze experimenten toonden daarmee
voor het eerst aan dat het effect van uitgewerkte voorbeelden ook van toepassing is op
het trainen van kritisch-denken-vaardigheden van beginners. De bevinding uit het
tweede experiment is bovendien in lijn met het expertise reversal effect (bijv. Kalyuga et
al., 2003, 2012), dat stelt dat instructiestrategieén die studenten helpen bij het
ontwikkelen van cognitieve schema’s effectief zijn wanneer studenten hun eerste
stappen zetten in het verwerven van nieuwe kennis of vaardigheden, maar vaak niet als
zij al meer gevorderd zijn.

In hoofdstuk 4 stond het vergelijken van correcte en incorrecte uitgewerkte voorbeelden
(ook wel contrasterende voorbeelden genoemd) centraal. Er werd onderzocht of (1) het
bestuderen van contrasterende voorbeelden zou zorgen voor een grotere verbetering in
de vaardigheid om systematische redeneerfouten te vermijden dan (2) het alleen
bestuderen van correcte voorbeelden, of (3) het alleen bestuderen van incorrecte
voorbeelden of (4) het oplossen van oefenproblemen. De studie werd wederom
uitgevoerd in de context van een hbo-vak. De studenten ontvingen eerst de instructies
over kritisch denken. Daarna oefenden ze met een aantal taken in de context van
domeinrelevante problemen, onder een van de vier bovengenoemde oefencondities. Uit
de resultaten bleek dat de prestaties van de studenten op de leertaken wederom
verbeterden na de instructie en het oefenen. Bovendien presteerden de studenten zelfs
nog beter na drie weken. Er waren echter geen verschillen tussen de vier oefengroepen
in prestaties op de leer-en transfertaken. Bovendien waren er in deze studie geen
aanwijzingen dat het bestuderen van uitgewerkte voorbeelden tot betere prestaties
leidde dan het oplossen van oefenproblemen. Dit in tegenstelling tot de bevinding uit
hoofdstuk 3 en de bevindingen uit eerdere studies met vele andere soorten taken (bijv.
Renkl, 2014; Van Gog et al., 2019).
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De studie in hoofdstuk 5 onderzocht of het herhaaldelijk ophalen van informatie uit het
geheugen (Engels: repeated retrieval practice) effectief zou zijn voor het leren vermijden
van systematische redeneerfouten en of dit bijdraagt aan transfer. Meer specifiek,
kregen studenten de mogelijkheid om te oefenen in meerdere sessies die verspreid
waren over een periode van een aantal weken. Deze studie werd wederom uitgevoerd
in de context van een hbo-vak. De studenten ontvingen eerst de instructies over kritisch
denken. Daarna oefenden zij met een aantal taken in de context van domeinrelevante
problemen. Na elke oefening werd getoond of het gegeven antwoord juist was en kregen
de studenten een uitgewerkt voorbeeld van een goede redenering te zien (feedback).
Afhankelijk van de groep waarin de studenten ingedeeld waren, oefenden ze eenmalig,
oefenden ze een tweede keer (een week later) of oefenden ze een derde keer (twee
weken na de tweede keer). Een verrassende bevinding was dat (herhaald) oefenen geen
significant effect had op de prestatie op de leertaken: de drie groepen lieten geen
vooruitgang zien na de instructie en het oefenen. Tenminste, dit was het geval wanneer
de prestatie werd gemeten aan de hand van zowel de antwoorden op meerkeuzevragen
als de onderbouwing van deze antwoorden. Wanneer alleen naar de antwoorden op de
meerkeuzevragen werd gekeken, werd er wel bij alle drie de groepen een vooruitgang
in prestatie op de leertaken gevonden. Bovendien bleek, zoals werd verwacht op basis
van bevindingen uit eerder onderzoek (bijv. Butler, 2010; McDaniel et al., 2012, 2013;
Roediger & Butler, 2011), dat de gemiddelde prestatie tijdens het oefenen verbeterde
naarmate er meer geoefend werd. Het lijkt er dus op dat de studenten wel enigszins
profiteerden van herhaald oefenen, maar dat zij niet in staat waren om hun antwoorden
goed te onderbouwen. Helaas kon het effect op transfer niet worden vastgesteld omdat
de prestatie van studenten op de transfertaken extreem laag was (Engels: floor effect).
Mogelijk heeft de feedback het effect van herhaald oefenen op leren tenietgedaan.
Volgens recent onderzoek is feedback alleen nuttig wanneer studenten niet in staat zijn
om tot het goede antwoord te komen en heeft het nauwelijks invioed wanneer zij hier wel
toe in staat zijn (Kliegl et al., 2019; Pastétter & Bauml, 2016; Storm et al., 2014). Het is
dus mogelijk dat de groep studenten die maar één keer oefende — en het minst goed
presteerde tijdens het oefenen — de feedback beter heeft verwerkt en daardoor even
goed presteerde op de posttest als de andere groepen. Dit idee wordt ondersteund door
de bevinding dat de studenten meer tijd besteedden aan de feedback na onjuiste
antwoorden op de oefentaken dan na juiste antwoorden.

De studie in hoofdstuk 6 richtte zich op het identificeren van belemmeringen voor
succesvolle transfer van vaardigheden om kritisch te denken. Wanneer transfer niet
succesvol is, dan zou dit kunnen komen doordat studenten niet herkennen dat de
aangeleerde kennis relevant is voor het nieuwe probleem, doordat ze de aangeleerde
kennis niet uit hun geheugen kunnen ophalen of doordat ze de aangeleerde kennis niet
kunnen toepassen op het nieuwe probleem (het driestappenmodel van transfer; Barnett
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& Ceci, 2012). Er werden twee experimenten uitgevoerd om vast te stellen waar het
transferprobleem uit eerdere onderzoeken van dit proefschrift door veroorzaakt zou
kunnen zijn: één experiment met universitaire studenten in het laboratorium en één met
hbo-studenten in de context van een vak. De studenten ontvingen eerst instructies over
kritisch denken. Daarna oefenden zij met syllogismen — dit zijn redeneertaken waarbij je
moet bepalen of een getrokken conclusie geldig is — in de context van domeinrelevante
problemen. Deze keer werd de prestatie van de studenten gemeten op syllogismen
(hiermee werd het leren gemeten), syllogismen in nieuwsberichten of artikelen (hiermee
werd nabije transfer gemeten) en nieuwe taken met dezelfde onderliggende principes
als syllogismen (hiermee werd verre transfer gemeten). De studenten werden ingedeeld
in vier verschillende groepen en afhankelijk van de groep, ontvingen zij tijdens het
maken van de transfertaken op de posttest (1) geen ondersteuning, (2) hints dat de
principes uit de instructie relevant waren voor deze taken (ondersteuning in herkenning),
(3) hints dat de principes uit de instructie relevant waren voor deze taken en de vraag
om de opgedane kennis over die principes op te halen uit het geheugen (kennis
ophalen) of (4) hints dat de principes uit de instructie relevant waren voor deze taken en
een kort overzicht op papier van deze principes (ondersteuning in ophalen). Kortom, er
werd in de condities verschillende ondersteuning voor de verschillende stappen in het
transferproces aangeboden. Door de effecten van de condities te vergelijken, valt dan
af te leiden waar zich problemen in het bereiken van transfer voordoen bij de studenten
(vlg. Butler et al.,, 2013, 2017). Binnen de ‘kennis ophalen’ groep werd daarnaast
gekeken of het vermogen van de studenten om kennis op te halen uit het geheugen
gerelateerd was aan hun prestaties op de transfertaken. In beide experimenten
verbeterden de prestaties van studenten op de leer- en nabije transfertaken na de
instructie en het oefenen. Er werd zelfs een verbetering op de verre-transfertaken
gevonden, maar de prestatie op deze taken was over het algemeen vrij laag dus er was
nog veel ruimte voor verbetering. Een interessante bevinding was dat er geen verschillen
waren tussen de vier groepen. De studenten waren dus niet geholpen bij de
ondersteuning voor herkenning en ophalen. Dit suggereert dat de studenten in staat
waren te herkennen dat de aangeleerde kennis relevant was voor de nieuwe taken en
dat zij deze kennis konden ophalen uit het geheugen, maar moeite hadden met het
toepassen van deze kennis op de nieuwe taken. Echter, de bevindingen uit de ‘kennis
ophalen’ groep ondersteunen het idee dat de studenten alleen problemen hadden met
het toepassen van de aangeleerde kennis niet volledig. De meeste studenten haalden
namelijk niet alle relevante informatie op uit het geheugen. Bovendien werd er (via
verkennende analyses) een matig tot hoog positief verband gevonden tussen de
opgehaalde kennis en de prestaties op de transfertaken. Dit wijst erop dat problemen in
het ophalen van kennis in elk geval ten dele ook een rol spelen bij niet-succesvolle
transfer. Beschrijvende statistiecken ondersteunen dit idee: de studenten die
ondersteuning in ophalen kregen, presteerden beter (hoewel niet significant beter) dan
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de studenten in de andere groepen op de verre-transfertaken van de posttest in het
eerste experiment en op de nabije-transfertaken in het tweede experiment.

Conclusie

Dit proefschrift werpt meer licht op de complexiteit van het bevorderen van het leren en
de transfer van kritisch-denken-vaardigheden van studenten in het hoger onderwijs. De
bevindingen in dit proefschrift benadrukken het belang van expliciete instructie over
kritisch denken in combinatie met oefening op domeinrelevante problemen voor het
leren van kritisch-denken-vaardigheden. Het lijkt dus waardevol om kritisch denken in te
bedden in hoger onderwijs curricula en het expliciet aan bod te laten komen in (kritisch
denken) vakken. Tevens werd uit dit proefschrift duidelik dat generatieve
verwerkingsstrategieén geen wondermiddel zijn om leren te verbeteren en transfer te
bewerkstelligen. Hoewel ze voor sommige vaardigheden goed werken, lijken ze namelijk
niet bij te dragen aan het verder bevorderen van de vaardigheid om systematische
redeneerfouten te vermijden (bovenop de effecten van instructie en oefening).
Daarnaast maken de studies in dit proefschrift eens te meer duidelijk hoe moeilijk het is
om kritisch-denken-vaardigheden zodanig te trainen dat er ook transfer optreedt naar
nieuwe situaties. Het lijkt zinvol om in (onderzoek naar) onderwijs in kritisch denken meer
aandacht te besteden aan factoren die succesvolle transfer van kritisch-denken-
vaardigheden kunnen belemmeren, zoals problemen met het ophalen van aangeleerde
kennis uit het geheugen en met het toepassen van deze kennis in een nieuwe context.
Met het oog op dat laatste, zou het interessant zijn om verder te onderzoeken hoe
studenten ondersteund kunnen worden in de toepassing van Kkritisch-denken-
vaardigheden.

Om studenten te helpen goede kritische denkers te worden — in de zin dat zjj
aangeleerde vaardigheden kunnen toepassen op verschillende taken en in
verschillende contexten — lijkt het waardevol om in toekomstig (praktijkgericht)
onderzoek de effecten van langere interventies of uitgebreidere cursussen gericht op
kritisch denken te onderzoeken. Daarnaast is het van belang om in toekomstig
onderzoek ook aandacht te besteden aan de ontwikkeling en de verbetering van de
denkhouding van studenten. Want interventies die de kritisch-denken-vaardigheden van
studenten verbeteren, zullen in de praktijk weinig zoden aan de dijk zetten wanneer
studenten niet de juiste denkhouding hebben en geen mentale inspanning willen leveren
om deze vaardigheden te gebruiken. Kortom, de vraag is hoe we studenten uit kunnen
dagen om in kritisch denken te investeren.
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Dankwoord

De zon schijnt de kamer in, op de achtergrond hoor ik Marcus Mumford zingen “I lift up
my eyes to a new high”. In gedachten neem ik de afgelopen jaren door en ik besluit de
allerlaatste hand aan mijn proefschrift te leggen. Het is er de tijd voor. De afgelopen
jaren vormden een prachtig leerzame periode. Dankbaar ben ik eenieder die mij
geholpen, aangemoedigd of gesteund heeft. Dankzij jullie was het voor mij mogelijk dit
proefschrift te schrijven en me op persoonlijk vlak te ontwikkelen. In het bijzonder wil ik
de volgende personen bedanken.

Allereerst dr. Peter Verkoeijen, prof.dr. Tamara van Gog en dr. Anita Heijltjes voor de
begeleiding tijdens mijn promotietraject. Het was een eer om jullie als mijn
begeleidingsteam te hebben.

Peter, jij hebt me op zoveel vlakken dingen geleerd. Wekelijks maakte je tijd om
onder het genot van een kop koffie bij te praten over de dagelijkse gang van zaken
en om inhoudelijk te discussiéren. Van ontwikkelingen binnen het onderwijs en
vernieuwingen binnen de wetenschap tot het spel van NAC Breda en het ongemak
bij Boer zoekt Vrouw. Jouw uiterst deskundige en altijd snelle commentaar,
stimuleerde me om het onderste uit de kan te halen. Je gaf me vertrouwen en
verschafte me de inzichten die ik nodig had om op eigen benen te gaan staan. Ik
heb jouw wijze raad en interesse in mijn leven naast het onderzoek altijd zeer
gewaardeerd. Dat we in de toekomst nog maar geregeld een kop koffie met elkaar
mogen gaan drinken.

Tamara, jij wist me met jouw scherpe blik uit te dagen mijn eigen werk kritisch te
beschouwen. Jouw theoretisch denkvermogen en waardevolle inzichten hebben
dit proefschrift naar een hoger niveau getild. Naast het begeleiden van mijn
onderzoek was je ook altijd geinteresseerd in mijn (carriere)ontwikkeling. Bedankt
voor je oprechte betrokkenheid, het vertrouwen dat je in me had en de vele kansen
die je me geboden hebt.

Anita, het is grotendeels aan jouw inspanningen te danken dat dit proefschrift hier
ligt. Met jouw promotieonderzoek en opgebouwde kennis over het onderwijzen van
kritisch denken, heb je feitelijk het fundament gelegd. Al mijn stukken werden door
jou grondig gelezen en van inspirerende suggesties voorzien. |k heb veel
bewondering voor de wijze waarop jij wetenschap naar praktijk weet te vertalen.
Bedankt voor de integere en persoonlike manier van begeleiden, het was een
voorrecht om van jou te mogen leren.
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Et al., het is de afkorting in het Latijn voor ‘en anderen’. In de wetenschap duidt het op
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wordt de bijdrage van deze personen vaak onderschat. Dit proefschrift is veel meer dan
een product van mij alleen. Het is tot stand gekomen dankzij de samenwerking en de
steun van vele collega’s. Graag richt ik me hier dan ook tot deze ‘anderen’.

Dankbaar ben ik dat ik onderdeel mocht zijn van het project ‘Investing in Thinking
Pays Good Interest’. Een project waarbij kritisch denken en leren in de praktijk
centraal staan, dat vraagt natuurlijk om eenzelfde houding van de betrokkenen.
Anita, Eva, Peter, Tamara en Tim, bedankt voor al jullie waardevolle ideeén en
kritische kanttekeningen, maar bovenal voor de fijne sfeer tijdens onze
bijeenkomsten. Ondanks de bovengemiddelde affiniteit met de Duitse taal en
menig grap die daardoor aan mij voorbij is gegaan, viel er met jullie heel wat te
lachen. In het bijzonder wil ik mijn medepromovenda Eva bedanken, ik denk met
een lach op mijn gezicht terug aan onze samenwerking, gesprekken, borrels en
congresbezoeken. Met onze verschillende karakters wisten wij elkaar goed aan te
vullen en ik hoop dat onze wegen zich in de toekomst nog veel vaker zullen kruisen.
Dat de lijnen Rotterdam-Utrecht-Breda maar kort mogen blijven!

Ook de vele collega’s van de Erasmus Universiteit bij wie ik terecht kon voor advies
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gezamenlijke start en onze aangename momenten samen. Denise, Iris, Lara en
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hoop dat jullie geen blijvende weerzin tegen ‘als-dan-beredeneringen’ hebben.

Mijn paranimfen en goede vriendinnen, Iris en Simone. Wat ben ik blij dat jullie naast mij
staan.

Iris, tijldens mijn zoektocht als beginnende promovenda kwam jij op mijn pad. Hoe
toepasselijk dat jij, met jouw Griekse achtergrond, mijn promotietraject richting gaf,
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kritisch denken. Bedankt voor al je wijze advies, het delen van onze vele
vertwijfelingen (stelling 6 zal ook jou wel bekoren, denk ik), alle plezierige tijd die
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