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Finally, we tested the hypotheses about students’ daily study satisfac-
tion by means of multi-level modeling.

3.1. Students’ time investments throughout the term

In order to analyze the time investments made by students over the
course of a term, we aggregated lecture and independent study time
investments over participants, days, and lecture vs. non-lecture periods,
to analyze semester trends and weekly patterns by conducting time-
series analyses for lecture and independent study time investments.
Aggregated time investment over weekdays for lecture and independent
study time for lecture vs. non-lecture period are displayed in Figs. 1 and

2, respectively. The aggregated trajectories over the whole term for
lecture time and independent study time are displayed in Fig. 3, ag-
gregated over days (thin solid line) and weeks (bold dashed line).

3.1.1. Semester trend
Fig. 3 shows the aggregated daily time investment over the 22-week

period. The lecture period ends at the end of the 12th week of the
survey period. Looking at Fig. 3, one can observe a negative linear trend
for lecture time and a quadratic trend for independent study time. The
trend analysis shows a significant linear effect for lecture time (F(1,
152) = 57.97, p < 0.01, β = −0.53, R2 = 0.28) and a significant
linear and quadratic effect for independent study time (F(2,
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Fig. 2. Students average time investment (in
minutes) aggregated over lecture- and in-
dependent study time within the non-lecture
period.

Fig. 3. Students lecture- and independent time investment (solid lines) and average lecture- and independent study time investment (dashed lines) aggregated for weeks 1 to 22 (in
minutes). The plumb line indicates the begin of the exam period.
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LLK 2019 Osnabrück | Dr. H. Bellhäuser 11Planning. We used three items from the LIST (Lernstrategien im
Studium; Wild, 2000) from the time-management subscale (e.g., “I set
the hours that I spend on learning, daily by a fixed schedule.”). The
Cronbach's alpha was 0.84. For the purpose of validation, we calculated
the mean score of the corresponding diary item across all days within
each participant. The correlation (r) between the mean score of the
diary item and the mean score of the three items in the final evaluation
was 0.36.

Procrastination. We used three items from the VCQ
(Kuhl & Fuhrmann, 1997) from the procrastination subscale (e.g., “I
often postpone unpleasant things”). The Cronbach's alpha was 0.81.
The correlation (r) between the mean score of the diary item and the
mean score of the survey was 0.41.

Effort. We used three items from the VCQ (Kuhl & Fuhrmann, 1997)

from the effort avoiding subscale (e.g., “I hate to force myself to do
things that are difficult”). The Cronbach's alpha was 0.68. The corre-
lation (r) between the mean score of the diary item and the mean score
of the survey was −0.35 due to the inverse polarity of the items. Note
that this negative correlation is desirable as the daily question regards
effort while the scale used for validation measures the opposite concept,
i.e., effort avoidance.

3. Results

First, we analyzed participants' time investments by means of ag-
gregated time-series data across the sample for lecture- and in-
dependent study. We then analyzed trends over the semester by means
of trend analyses and weekly patterns by means of spectral analyses.

Table 1
Means, standard deviations, intercorrelations, and reliabilities.

Variables M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Study satisfaction 4.43 1.01 (0.81)
2 Study load 3.68 1.00 -0.27 (0.77)
3 Credit point goal for the

current term
30.54 7.40 -0.08 -0.21 –

4 Undergraduate (1)/
graduate (2)

1.31 0.46 -0.12 -0.06 -0.09 –

5 Time management/
planning

3.36 1.23 -0.07 0.02 0.15 -0.16 (0.84)

6 Procrastination 3.25 1.11 -0.12 0.08 0.18 -0.05 -0.32 (0.81)
7 Avoiding effort 2.75 0.90 0.03 0.04 -0.13 -0.08 -0.22 0.57 (0.68)
8 Intended lecture time

(hours)a
1.05 2.08 0.06 0.06 0.14 -0.09 -0.02 0.20 0.10 (0.53)

9 Intended independent
study time (hours)a

2.71 2.56 -0.15 0.15 0.14 0.17 -0.17 0.08 0.05 -0.06 (0.76)

10 Lecture time (hours)a 0.70 1.65 -0.06 0.15 0.19 -0.06 -0.05 0.11 0.02 0.89 -0.35 (0.44)
11 Independent study time

(hours)a
1.76 2.57 -0.26 0.11 0.05 0.10 -0.09 -0.06 -0.14 -0.32 0.75 0.04 (0.70)

12 Using breaks for
independent study
(hours)a

0.04 0.38 0.07 0.02 -0.01 -0.11 0.01 0.02 0.07 0.14 -0.03 -0.06 -0.09 (0.81)

13 Planninga 3.97 0.71 0.13 -0.27 0.03 -0.02 0.35 -0.26 -0.36 0.16 0.18 0.15 0.21 -0.01 (0.62)
14 Procrastinationa 3.00 0.79 -0.06 0.11 0.08 -0.11 -0.24 0.38 0.41 -0.13 -0.04 -0.13 -0.19 0.00 -0.24 (0.61)
15 Efforta 3.86 0.67 -0.05 0.01 -0.11 0.04 0.41 -0.28 -0.35 0.21 0.27 0.20 0.36 0.03 0.40 -0.50 (0.65)
16 Daily study satisfactiona 3.86 0.70 0.30 -0.28 -0.04 0.06 0.36 -0.15 -0.21 0.17 0.07 0.17 0.20 0.03 0.38 -0.62 0.60 (0.79)

Note. For the correlations between the time variables (lecture time, independent study time, and break usage), we omitted the days in which the student had only zero-entries for each of
the time variables, otherwise correlations would be biased.

a Daily assessment.
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Fig. 1. Students average time investment (in
minutes) aggregated over lecture- and in-
dependent study time within the lecture period.
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Fig. 1. Students average time investment (in
minutes) aggregated over lecture- and in-
dependent study time within the lecture period.
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LLK 2019 Osnabrück | Dr. H. Bellhäuser 12constituted significant predictors of exam grades while overall time
investment was not significant (see Table 2, Model 3). This result
highlights the importance of distributed learning instead of cramming
in one long session for an equivalent amount of time (Benjamin &
Tullis, 2010; Bjork et al., 2013). It is not only the overall time invest-
ment that matters, but also the way students distribute and use their
study time. In contrast to massed study, a continual and active en-
gagement with the learning material fosters long term retrieval and
transfer (Dunlosky et al., 2013; Dunn et al., 2013). Students who con-
fine their studying to just a few weeks cannot catch up with those
students who have consistently studied over the whole semester.

5.2. The effects of high school GPA and cognitive abilities on exam grades

Beyond behavioral log-data, we assessed cognitive abilities and high
school GPA to explain individual differences in performance. In line
with our hypothesis, we found that self-reported high school GPA
predicted exam grades (see Table 3), an effect that has consistently been
found in prior studies on academic performance in higher education
(Gold & Souvignier, 2005; Richardson et al., 2012). High school GPA
can be viewed as a proximate measure of general cognitive ability
(Farsides & Woodfield, 2003; Wedler et al., 2008). Above cognitive
capabilities, high school GPA also comprises achievement motivation
and self-efficacy (Robbins et al., 2004). Thus, it is no surprise that high
school GPA represents an important predictor of learning behavior and
performance in higher education. Moreover, we gathered objective data
on cognitive abilities. In line with our expectations, cognitive abilities
positively predicted exam grades (see Table 3). However, when adding
high school GPA, the effect vanished, which speaks for the assumption
that high school GPA and intelligence share a considerable amount of
variance (Furnham & Monsen, 2009; Roth et al., 2015). Nevertheless, it
is important to differentiate between both constructs. For instance, in
this study, cognitive abilities and high school GPA showed a positive,
albeit small, correlation (see Table 1). Further, a better high school GPA
was associated with more distributed learning, while higher cognitive
abilities showed a negative correlation with distributed learning (see
Table 1). Again, this result highlights that a better high school GPA is
not only a matter of higher cognitive abilities but also the result of
superior learning strategies (Robbins et al., 2004).

5.3. Conscientiousness, distributed learning and exam grades

Besides cognitive abilities, we investigated conscientiousness as a

powerful non-cognitive predictor of academic performance (O'Connor
& Paunonen, 2007; Poropat, 2011; Richardson et al., 2012). In contrast
to the literature, we did not find a direct effect of conscientiousness on
grades. This may be due to a selection bias in our final sample. Less
conscientious students might have decided not to register for the final
exam, because they had failed to study continually over the semester.
Indeed, dropout analysis (see Section 3.1.1) yielded a tentative trend
for conscientiousness regarding course dropout in the expected direc-
tion. Furthermore, less conscientious students may have failed to
submit the additional questionnaires in the first place. However, med-
iation analysis showed that conscientiousness affects grades indirectly
via distributed learning (see Figs. 2, 3). Students higher in con-
scientiousness engaged in more distributed learning compared to less
conscientious students, which ultimately improved exam grades. This
result is in line with research that showed that conscientiousness is
associated with less academic procrastination and better studying ha-
bits (Bidjerano & Dai, 2007; Credé & Kuncel, 2008; Farsides &
Woodfield, 2003; Schouwenburg & Lay, 1995; Watson, 2001). Students
who are less organized and diligent are also more prone to delay their
learning until the last minute, a learning behavior that is predominantly
associated with worse performance (Kim & Seo, 2015; Moon &
Illingworth, 2005; van Eerde, 2003).

5.4. Practical implications

The study results offer several possible applications for practi-
tioners. Since the use of self-tests is beneficial for learning and perfor-
mance, teachers should encourage students to monitor their own
knowledge on a regular basis. Another possibility could be to integrate
tests in the corresponding learning material and thereby force students
to test themselves. Furthermore, our results underline the importance of
time management strategies for successful online learning (Broadbent,
2017; Broadbent & Poon, 2015).

Results suggest that it would make sense for institutions of higher
education to support students in the development of successful learning
strategies. A high degree of autonomy and responsibility for dealing
with the learning material and course requirements may be over-
whelming for some freshmen. Therefore, it might be useful to offer
learning strategy trainings alongside the online lecture to help students
developing the necessary metacognitive skills to plan and distribute
their studying activities appropriately (Bellhäuser, Lösch, Winter, &
Schmitz, 2016). Especially less conscientious students struggle with the
high self-regulatory demands of an online course. Interventions should

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9 10 11 12

W
e

e
k
ly

 T
im

e
 I
n

v
e

s
tm

e
n

t 
(i

n
 m

in
u

te
s
) 

Weeks

High conscientiousness

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9 10 11 12

W
e

e
k
ly

 T
im

e
 I
n

v
e

s
tm

e
n

t 
(i

n
 m

in
u

te
s
) 

Weeks

Low conscientiousness

Fig. 3. Individual (grey) and average (black)
weekly time investment in minutes for low
(n=21, 10th percentile) and high con-
scientious (n=21, 90th percentile) students.
Note. We computed moving averages of
weekly time investment for every week tw
using the time investment in the respective
preceding (tw−1) and subsequent week (tw+1).
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constituted significant predictors of exam grades while overall time
investment was not significant (see Table 2, Model 3). This result
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high school GPA, the effect vanished, which speaks for the assumption
that high school GPA and intelligence share a considerable amount of
variance (Furnham & Monsen, 2009; Roth et al., 2015). Nevertheless, it
is important to differentiate between both constructs. For instance, in
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albeit small, correlation (see Table 1). Further, a better high school GPA
was associated with more distributed learning, while higher cognitive
abilities showed a negative correlation with distributed learning (see
Table 1). Again, this result highlights that a better high school GPA is
not only a matter of higher cognitive abilities but also the result of
superior learning strategies (Robbins et al., 2004).

5.3. Conscientiousness, distributed learning and exam grades

Besides cognitive abilities, we investigated conscientiousness as a

powerful non-cognitive predictor of academic performance (O'Connor
& Paunonen, 2007; Poropat, 2011; Richardson et al., 2012). In contrast
to the literature, we did not find a direct effect of conscientiousness on
grades. This may be due to a selection bias in our final sample. Less
conscientious students might have decided not to register for the final
exam, because they had failed to study continually over the semester.
Indeed, dropout analysis (see Section 3.1.1) yielded a tentative trend
for conscientiousness regarding course dropout in the expected direc-
tion. Furthermore, less conscientious students may have failed to
submit the additional questionnaires in the first place. However, med-
iation analysis showed that conscientiousness affects grades indirectly
via distributed learning (see Figs. 2, 3). Students higher in con-
scientiousness engaged in more distributed learning compared to less
conscientious students, which ultimately improved exam grades. This
result is in line with research that showed that conscientiousness is
associated with less academic procrastination and better studying ha-
bits (Bidjerano & Dai, 2007; Credé & Kuncel, 2008; Farsides &
Woodfield, 2003; Schouwenburg & Lay, 1995; Watson, 2001). Students
who are less organized and diligent are also more prone to delay their
learning until the last minute, a learning behavior that is predominantly
associated with worse performance (Kim & Seo, 2015; Moon &
Illingworth, 2005; van Eerde, 2003).

5.4. Practical implications

The study results offer several possible applications for practi-
tioners. Since the use of self-tests is beneficial for learning and perfor-
mance, teachers should encourage students to monitor their own
knowledge on a regular basis. Another possibility could be to integrate
tests in the corresponding learning material and thereby force students
to test themselves. Furthermore, our results underline the importance of
time management strategies for successful online learning (Broadbent,
2017; Broadbent & Poon, 2015).

Results suggest that it would make sense for institutions of higher
education to support students in the development of successful learning
strategies. A high degree of autonomy and responsibility for dealing
with the learning material and course requirements may be over-
whelming for some freshmen. Therefore, it might be useful to offer
learning strategy trainings alongside the online lecture to help students
developing the necessary metacognitive skills to plan and distribute
their studying activities appropriately (Bellhäuser, Lösch, Winter, &
Schmitz, 2016). Especially less conscientious students struggle with the
high self-regulatory demands of an online course. Interventions should
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Fig. 3. Individual (grey) and average (black)
weekly time investment in minutes for low
(n=21, 10th percentile) and high con-
scientious (n=21, 90th percentile) students.
Note. We computed moving averages of
weekly time investment for every week tw
using the time investment in the respective
preceding (tw−1) and subsequent week (tw+1).
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Theobald, Bellhäuser & Imhof  (2019)
Stichprobe: N=424
Geschlecht: 253 w, 171 m
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Wie lernen Studierende?

Zeitinvestment

durchschnittlich 20,4h (Vorlesungszeit) bzw. 13,4h (Semesterferien)

dennoch: weitverbreitetes Gefühl der Überforderung
Besuch von Lehrveranstaltungen nimmt linear ab über die Vorlesungszeit
Selbststudium nimmt linear zu über die Vorlesungszeit

Studienleistung

Absolutes Zeitinvestment nicht unbedingt entscheidend für Leistung
Großer Einfluss von verteiltem Lernen auf Leistung

LLK 2019 Osnabrück | Dr. H. Bellhäuser 1322.11.19



Wie lernen 
Studierende?

Was ist 
selbstreguliertes 

Lernen?

Wie kann 
selbstreguliertes 
Lernen gefördert 

werden?

Überblick
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Definition: Selbstreguliertes Lernen (SRL)

Selbstreguliertes Lernen

LLK 2019 Osnabrück | Dr. H. Bellhäuser 17

“ ...processes whereby learners 
personally activate and sustain
cognitions, affects, and behaviors 
that are systematically oriented 
toward the attainment of 
personal goals.
(Zimmerman & Schunk, 2011)
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Prozessmodell des selbstregulierten Lernens
Schmitz & Wiese (2006)

Selbstreguliertes Lernen

LLK 2019 Osnabrück | Dr. H. Bellhäuser 19

Situation

Aufgabe

Emotion
Ziele

Motivation
Selbstwirk-

samkeit

Präaktionale Phase

Lernqualität
- Lernstrategien
- Self-Monitoring
- Resourcen Management

Lernquantität: Zeit

Aktionale Phase

Postaktionale Phase

Selbstreflektion

Lernergebnisse
- Qualität
- Quantität
- Zufriedenheit
Emotion

22.11.19



Einfluss von SRL auf  akademische Leistungen

Selbstreguliertes Lernen

LLK 2019 Osnabrück | Dr. H. Bellhäuser 20

Maß r CI (95%) N k
Abschlussnote Schule .40 [.35, .45] 34.724 46
Intelligenz .20 [.16, .24] 7.820 35
Gewissenhaftigkeit .19 [.17, .22] 27.875 69
Offenheit .09 [.06, .12] 23.096 52
Neurotizismus -.01 [-.04, .01] 23.659 58
Verträglichkeit .07 [.04, .09] 21.734 47
Extraversion -.04 [-.07, -.02] 23.730 58
Selbstwirksamkeitserwartung .31 [.28, .34] 46.570 67
Intrinsische Motivation .17 [.12, .23] 7.414 22
Zielsetzung .35 [.28, .42] 2.670 13
Elaboration .18 [.11, .24] 8.006 12
Metakognition .18 [.10, .26] 6.205 9
Anstrengungsregulation .32 [.29, .35] 8.862 19
Hilfesuchen .15 [.08, .21] 2.057 8

Metaanalyse

Psychological Correlates
of University Students’ 
Academic Performance

Richardson, Abraham & 
Bond, 2012 
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Einfluss von SRL auf  akademische Leistungen

Selbstreguliertes Lernen
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Einfluss von SRL auf  akademische Leistungen

Selbstreguliertes Lernen
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Selbstreguliertes Lernen

Lernen wird als Prozess betrachtet, der auch Vor- und Nachbereitung umfasst.

Selbstregulierte Lerner sind erfolgreicher in der (Hoch-)Schule durch:
• Besseres Verständnis der Inhalte
• Effizienteres Lernverhalten

• systematisches, eigenverantwortliches und zielgerichtetes Lernen

Sie erreichen dadurch bessere Leistungen und sind zufriedener.
Selbstreguliertes Lernen ist die Voraussetzung für lebenslanges Lernen.

Forschungswerkstatt 2018/19  |  Dr. H. Bellhäuser 2322.11.19



Wie lernen 
Studierende?

Was ist 
selbstreguliertes 

Lernen?

Wie kann 
selbstreguliertes 
Lernen gefördert 

werden?

Überblick
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Interventionen zur Förderung von SRL

Förderung des selbstregulierten Lernens

LLK 2019 Osnabrück | Dr. H. Bellhäuser 27

Selbstreguliertes Lernen kann gefördert werden
(Benz, 2010; Dignath & Büttner, 2008)

1) Trainingsinterventionen (Schmitz & Wiese, 2006)

2) Web-basiertes Training (Bellhäuser et al., 2016)

3) Lerntagebücher (Theobald, Dignath & Bellhäuser, under review)

4) Learning Analytics & Prompting (Bannert & Reimann, 2011)

5) Einsatz digitaler Medien (Tamim et al., 2011)
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Ziele 
setzen Planen Selbst-

motivation

Volition
Kognitive 

Lern-
strategien

Reflexion

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens
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§ Eigene Zielesetzung vergegenwärtigen
- Langfristige Ziele

- Kurzfristige Ziele
§ SMARTe Ziele

- Spezifisch

- Messbar
- Anspruchsvoll

- Realistisch
- Terminiert

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens

22.11.19 LLK 2019 Osnabrück | Dr. H. Bellhäuser 30

Ziele 
setzen



§ Überblick über Aufgaben verschaffen
§ Prioritäten setzen

§ Teilschritte planen
§ Feste Zeiten definieren
§ Verteiltes Lernen

§ Pausen einplanen

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens

22.11.19 LLK 2019 Osnabrück | Dr. H. Bellhäuser 31

Planen



§ Intrinsische vs. extrinsische Motivation
§ Schlaf

§ Körperliche Aktivität
§ Soziale Kontakte
§ Erfolgserlebnisse

§ Interesse
§ Einstellung

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens

22.11.19 LLK 2019 Osnabrück | Dr. H. Bellhäuser 32

Selbst-
motivation



§ Störquellen vorab ausschalten
§ Arbeitsmaterialien bereitlegen

§ Gewohnheiten / Rituale
§ Leicht anfangen
§ Durchhaltewillen trainieren

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens

22.11.19 LLK 2019 Osnabrück | Dr. H. Bellhäuser 33

Volition



§ Strukturieren
§ Elaborieren

§ Zusammenfassen
§ Wiederholen

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens

22.11.19 LLK 2019 Osnabrück | Dr. H. Bellhäuser 34

Kognitive 
Lern-

strategien



§ Attribution / Ursachenzuschreibung
- Internal vs. external

- Stabil vs. variabel
§ Bezugsnormorientierung

- Soziale Bezugsnorm

- Individuelle Bezugsnorm
- Kriteriale Bezugsnorm

1) Trainingsinterventionen

Förderung des selbstregulierten Lernens

22.11.19 LLK 2019 Osnabrück | Dr. H. Bellhäuser 35

Reflexion



Effektivität vs. Effizienz
Zunehmende Studierendenzahlen

Hypermediale Lernumgebung im World Wide Web
Metaanalytischer Vergleich mit Classroom Instruction (CI):
(Sitzman, Kraiger, Steward & Wisher, 2006)

§ WBT effektiver für deklaratives Wissen
§ WBT und CI gleichermaßen effektiv für prozedurales 

Wissen

2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens

LLK 2019 Osnabrück | Dr. H. Bellhäuser 36
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2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens

LLK 2019 Osnabrück | Dr. H. Bellhäuser 3722.11.19



Ursprüngliches Einsatz-Szenario:
Vorkurs Mathematik (TU Darmstadt)

§ Vorbereitung auf mathematikhaltiges 
Studium (Maschinenbau, Informatik, 
Bauingenieurwesen & Mathematik)

§ ca. 50 Kapitel

§ 4 Wochen vor Vorlesungsbeginn

§ Online-Kurs (Plattform: Moodle)

2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens

LLK 2019 Osnabrück | Dr. H. Bellhäuser 3822.11.19



2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens
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WBT auf SRL-Wissen: Starke empirische Evidenz
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2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens
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WBT auf SRL-Verhalten: Starke empirische Evidenz
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2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens
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WBT auf Selbstwirksamkeit: Starke empirische Evidenz
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2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens
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WBT auf Leistung: bislang schwache Evidenz
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2) Web-basiertes Training (WBT)

Förderung des selbstregulierten Lernens
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Standardisierte tägliche Kurzfragebögen
• Messmethode

• Intervention

3) Lerntagebücher

Förderung des selbstregulierten Lernens
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N=194 Studierende
Tägliche Tagebucheinträge über 5 Wochen

Morgens: Planung; Abends: Reflexion
Experimentelles Design:
• Experimentalgruppe (tägliches Feedback)

• Kontrollgruppe (nur Tagebuch)

Theobald, Dignath & Bellhäuser (under review)

22.11.19



Feedback
(nur EG)

...

...

Sie haben sich heute 
nicht gut an Ihren 
Zeitplan gehalten. 
Versuchen Sie 
morgen realistischer 
zu planen.

3) Lerntagebücher

Förderung des selbstregulierten Lernens
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Morgens

...
Mein heutiger Zeitplan:

Zeitinvestment geplant:

...

8.30h Lernbeginn
11.30h Pause
15.30h Lernzeit Ende

6 Stunden

Abends

...
Mein heutiger Zeitplan:

Zeitinvestment real:

...

9.30h Lernbeginn
10.30h Pause
13.30h Lernzeit Ende

3 Stunden
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3) Lerntagebücher

Förderung des selbstregulierten Lernens
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§ Automatische Erfassung von Daten über das Lernverhalten
§ Rückmeldung an Dozierende und Studierende

§ Prompting: konkrete Handlungsempfehlungen 

4) Learning Analytics & Prompting

Förderung des selbstregulierten Lernens
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4) Learning Analytics & Prompting

Förderung des selbstregulierten Lernens
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environment: a hyperlinked table of content on the left of the interface organized the
content pages; a timer near the top displayed the amount of time remaining in the learning
session; a textbox at the top displayed the participant’s overall goal to learn as much as
they could about the circulatory system and more specific sub-goals they had decided upon
earlier in collaboration with an animated pedagogical agent; a window depicting the agent
itself; a palette of SRL actions that the user could select to initiate an interaction with one
of the agents (e.g., activate prior knowledge, assess knowledge and comprehension,
evaluate the relevancy of the content, summarize, and take notes); textboxes at the bottom
alternately display the history of user-system interactions, including agent dialogue, or
allow the participant to provide input, which included the electronic note-taking feature.
Additionally, computerized log-files and Camtasia Studio screen-recording software
(Techsmith 2006) were used to capture all interactions with MetaTutor during the learning
session.

Four pedagogical agents provide prompts and feedback on the use of SRL processes.
Gavin the Guide, Pam the Planner, Mary the Monitor, and Sam the Strategizer each
embody a particular phase of SRL by prompting the learner to engage in specific SRL
processes and providing feedback on the quality of the participant’s deployment of that
process. For example, Gavin provided explanations and guidance about the learning
environment to participants throughout the learning session. Pam prompted participants to
activate prior knowledge by writing out what they know about a subject. Mary prompted
participants to rate the relevancy of the currently displayed content to their sub-goal. Once
completed, Mary then provided feedback on the accuracy of the participant’s ratings. She

Fig. 1 Screenshot of MetaTutor learning environment
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4) Learning Analytics & Prompting

Förderung des selbstregulierten Lernens
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This research study employs a second-order meta-analysis procedure to sum-
marize 40 years of research activity addressing the question, does computer 
technology use affect student achievement in formal face-to-face classrooms 
as compared to classrooms that do not use technology? A study-level meta-
analytic validation was also conducted for purposes of comparison. An 
extensive literature search and a systematic review process resulted in the 
inclusion of 25 meta-analyses with minimal overlap in primary literature, 
encompassing 1,055 primary studies. The random effects mean effect size of 
0.35 was significantly different from zero. The distribution was heteroge-
neous under the fixed effects model. To validate the second-order meta- 
analysis, 574 individual independent effect sizes were extracted from 13 out 
of the 25 meta-analyses. The mean effect size was 0.33 under the random 
effects model, and the distribution was heterogeneous. Insights about the 
state of the field, implications for technology use, and prospects for future 
research are discussed.
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In 1913  Thomas Edison predicted in the New York Dramatic Mirror that “books 
will soon be obsolete in the schools. . . . It is possible to teach every branch of 
human knowledge with the motion picture. Our school system will be completely 
changed in ten years” (quoted in Saettler, 1990, p. 98). We know now that this did 
not exactly happen and that, in general, the effect of analog visual media on school-
ing, including video, has been modest. In a not so different way, computers and 
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Abstract Orchestrating collaborative learning in the classroom involves tasks such as forming
learning groups with heterogeneous knowledge and making learners aware of the knowledge
differences. However, gathering information on which the formation of appropriate groups and
the creation of graphical knowledge representations can be based is very effortful for teachers.
Tools supporting cognitive group awareness provide such representations to guide students
during their collaboration, but mainly rely on specifically created input. Our work is guided by
the questions of how the analysis and visualization of cognitive information can be supported
by automatic mechanisms (especially using text mining), and what effects a corresponding tool
can achieve in the classroom. We systematically compared different methods to be used in a
Grouping and Representing Tool (GRT), and evaluated the tool in an experimental field study.
Latent Dirichlet Allocation proved successful in transforming the topics of texts into values as
a basis for representing cognitive information graphically. The Vector Space Model with
Euclidian distance based clustering proved to be particularly well suited for detecting text
differences as a basis for group formation. The subsequent evaluation of the GRTwith 54 high
school students further confirmed the GRT’s impact on learning support: students who used
the tool added twice as many concepts in an essay after discussing as those in the unsupported
group. These results show the potential of the GRT to support both teachers and students.
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Abstract

Background: Endoscopic sinus surgery (ESS) is a technically challenging procedure, associated with a significant
risk of complications. Virtual reality simulation has demonstrated benefit in many disciplines as an important
educational tool for surgical training. Within the field of rhinology, there is a lack of ESS simulators with appropriate
validity evidence supporting their integration into residency education. The objectives of this study are to evaluate
the acceptability, perceived realism and benefit of the McGill Simulator for Endoscopic Sinus Surgery (MSESS)
among medical students, otolaryngology residents and faculty, and to present evidence supporting its ability to
differentiate users based on their level of training through the performance metrics.

Methods: 10 medical students, 10 junior residents, 10 senior residents and 3 expert sinus surgeons performed
anterior ethmoidectomies, posterior ethmoidectomies and wide sphenoidotomies on the MSESS. Performance
metrics related to quality (e.g. percentage of tissue removed), efficiency (e.g. time, path length, bimanual dexterity,
etc.) and safety (e.g. contact with no-go zones, maximum applied force, etc.) were calculated. All users completed a
post-simulation questionnaire related to realism, usefulness and perceived benefits of training on the MSESS.

Results: The MSESS was found to be realistic and useful for training surgical skills with scores of 7.97 ± 0.29 and
8.57 ± 0.69, respectively on a 10-point rating scale. Most students and residents (29/30) believed that it should be
incorporated into their curriculum. There were significant differences between novice surgeons (10 medical students
and 10 junior residents) and senior surgeons (10 senior residents and 3 sinus surgeons) in performance metrics
related to quality (p < 0.05), efficiency (p < 0.01) and safety (p < 0.05).

Conclusion: The MSESS demonstrated initial evidence supporting its use for residency education. This simulator
may be a potential resource to help fill the void in endoscopic sinus surgery training.

Keywords: Rhinology, Endoscopic sinus surgery, Training, Education, Simulation, Virtual reality, Resident, Minimally
invasive surgery, Haptic, Technical abilities, Performance metrics, Nasal model

Introduction
Endoscopic sinus surgery (ESS) requires specialized
technical skills involving complex spatial, perceptual and
psychomotor performances [1]. Expertise in this minim-
ally invasive surgery necessitates bimanual dexterity
within a small 3-dimensional space [1], avoidance of key
vital structures (i.e. orbits, brain and carotid artery),
thorough applied knowledge of the intricate anatomy,

and proficiency in maneuvering with the indirect visual
aid of a 2-dimensional monitor [2]. Given the proximity
of the paranasal sinuses to critical structures such as the
orbits and skull base, it can be understood why ESS is
the most frequent reason for otolaryngic surgical litiga-
tion in the United States [3], and why the rate of compli-
cations during ESS is higher in trainees when compared
to attending physicians [4].
Those teaching ESS have found alternative modalities to

the traditional apprenticeship training model such as ca-
daveric dissections and 3D silicone models [1]. However,
the latter have substantial limitations with regards to the
complex needs of ESS training, such as the lack of tissue
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This research study employs a second-order meta-analysis procedure to sum-
marize 40 years of research activity addressing the question, does computer 
technology use affect student achievement in formal face-to-face classrooms 
as compared to classrooms that do not use technology? A study-level meta-
analytic validation was also conducted for purposes of comparison. An 
extensive literature search and a systematic review process resulted in the 
inclusion of 25 meta-analyses with minimal overlap in primary literature, 
encompassing 1,055 primary studies. The random effects mean effect size of 
0.35 was significantly different from zero. The distribution was heteroge-
neous under the fixed effects model. To validate the second-order meta- 
analysis, 574 individual independent effect sizes were extracted from 13 out 
of the 25 meta-analyses. The mean effect size was 0.33 under the random 
effects model, and the distribution was heterogeneous. Insights about the 
state of the field, implications for technology use, and prospects for future 
research are discussed.
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In 1913  Thomas Edison predicted in the New York Dramatic Mirror that “books 
will soon be obsolete in the schools. . . . It is possible to teach every branch of 
human knowledge with the motion picture. Our school system will be completely 
changed in ten years” (quoted in Saettler, 1990, p. 98). We know now that this did 
not exactly happen and that, in general, the effect of analog visual media on school-
ing, including video, has been modest. In a not so different way, computers and 
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Lehren und Lernen mit digitalen Medien

Ansätze und Befunde der empirischen Bildungsforschung

Karsten Stegmann, Christof Wecker, Heinz Mandl und Frank Fischer

Zusammenfassung
Digitale Medien sind ein Bestandteil vieler Lernumgebungen in Schule, Hoch-
schule, Aus- und Weiterbildung. Die zentrale Frage der empirischen Bildungs-
forschung mit Bezug auf Lehren und Lernen mit digitalen Medien ist daher
weniger, ob digitale Medien eingesetzt werden sollten, sondern (1) welche Ein-
satzformen digitaler Medien mit welchen Wirkungen auf das Lernen einhergehen.
Dabei sind vor allem die Bedingungsfaktoren für möglichst förderliche Effekte
digitaler Medien von Interesse. Darauf aufbauend stellt sich die Frage, (2) von
welchen Kontextbedingungen des Einsatzes digitaler Medien die Implementation
digitaler Medien in der Praxis abhängt.
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Abstract
Although several qualitative analyses appeared in the domain of Learning Ana-
lytics (LA), a systematic quantitative analysis of the effects of the empirical
research findings toward the development of more reliable Smart Learning
Environments (SLE) is still missing. This chapter aims at preserving and enhanc-
ing the chronicles of recent LA developments as well as covering the
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Abstract 
In 2009, we reported on a new Intelligent Tutoring Systems (ITS) technology, example-
tracing tutors, that can be built without programming using the Cognitive Tutor 
Authoring Tools (CTAT). Creating example-tracing tutors was shown to be 4-8 times as 
cost-effective as estimates for ITS development from the literature. Since 2009, CTAT 
and its associated learning management system, the Tutorshop, have been extended and 
have been used for both research and real-world instruction. As evidence that example-
tracing tutors are an effective and mature ITS paradigm, CTAT-built tutors have been 
used by approximately 44,000 students and account for 40% of the data sets in DataShop, 
a large open repository for educational technology data sets. We review 18 example-
tracing tutors built since 2009, which have been shown to be effective in helping students 
learn in real educational settings, often with large pre/post effect sizes. The fact that 
example-tracing tutors can only handle problems with no more than a moderately-
branching solution space is sometimes, though often not, a practical impediment. CTAT 
and other ITS authoring tools illustrate that non-programmer approaches to building ITS 
are viable and useful and will likely play a key role in making ITS widespread.  
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Abstract

Background: Endoscopic sinus surgery (ESS) is a technically challenging procedure, associated with a significant
risk of complications. Virtual reality simulation has demonstrated benefit in many disciplines as an important
educational tool for surgical training. Within the field of rhinology, there is a lack of ESS simulators with appropriate
validity evidence supporting their integration into residency education. The objectives of this study are to evaluate
the acceptability, perceived realism and benefit of the McGill Simulator for Endoscopic Sinus Surgery (MSESS)
among medical students, otolaryngology residents and faculty, and to present evidence supporting its ability to
differentiate users based on their level of training through the performance metrics.

Methods: 10 medical students, 10 junior residents, 10 senior residents and 3 expert sinus surgeons performed
anterior ethmoidectomies, posterior ethmoidectomies and wide sphenoidotomies on the MSESS. Performance
metrics related to quality (e.g. percentage of tissue removed), efficiency (e.g. time, path length, bimanual dexterity,
etc.) and safety (e.g. contact with no-go zones, maximum applied force, etc.) were calculated. All users completed a
post-simulation questionnaire related to realism, usefulness and perceived benefits of training on the MSESS.

Results: The MSESS was found to be realistic and useful for training surgical skills with scores of 7.97 ± 0.29 and
8.57 ± 0.69, respectively on a 10-point rating scale. Most students and residents (29/30) believed that it should be
incorporated into their curriculum. There were significant differences between novice surgeons (10 medical students
and 10 junior residents) and senior surgeons (10 senior residents and 3 sinus surgeons) in performance metrics
related to quality (p < 0.05), efficiency (p < 0.01) and safety (p < 0.05).

Conclusion: The MSESS demonstrated initial evidence supporting its use for residency education. This simulator
may be a potential resource to help fill the void in endoscopic sinus surgery training.

Keywords: Rhinology, Endoscopic sinus surgery, Training, Education, Simulation, Virtual reality, Resident, Minimally
invasive surgery, Haptic, Technical abilities, Performance metrics, Nasal model

Introduction
Endoscopic sinus surgery (ESS) requires specialized
technical skills involving complex spatial, perceptual and
psychomotor performances [1]. Expertise in this minim-
ally invasive surgery necessitates bimanual dexterity
within a small 3-dimensional space [1], avoidance of key
vital structures (i.e. orbits, brain and carotid artery),
thorough applied knowledge of the intricate anatomy,

and proficiency in maneuvering with the indirect visual
aid of a 2-dimensional monitor [2]. Given the proximity
of the paranasal sinuses to critical structures such as the
orbits and skull base, it can be understood why ESS is
the most frequent reason for otolaryngic surgical litiga-
tion in the United States [3], and why the rate of compli-
cations during ESS is higher in trainees when compared
to attending physicians [4].
Those teaching ESS have found alternative modalities to

the traditional apprenticeship training model such as ca-
daveric dissections and 3D silicone models [1]. However,
the latter have substantial limitations with regards to the
complex needs of ESS training, such as the lack of tissue
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Abstract Orchestrating collaborative learning in the classroom involves tasks such as forming
learning groups with heterogeneous knowledge and making learners aware of the knowledge
differences. However, gathering information on which the formation of appropriate groups and
the creation of graphical knowledge representations can be based is very effortful for teachers.
Tools supporting cognitive group awareness provide such representations to guide students
during their collaboration, but mainly rely on specifically created input. Our work is guided by
the questions of how the analysis and visualization of cognitive information can be supported
by automatic mechanisms (especially using text mining), and what effects a corresponding tool
can achieve in the classroom. We systematically compared different methods to be used in a
Grouping and Representing Tool (GRT), and evaluated the tool in an experimental field study.
Latent Dirichlet Allocation proved successful in transforming the topics of texts into values as
a basis for representing cognitive information graphically. The Vector Space Model with
Euclidian distance based clustering proved to be particularly well suited for detecting text
differences as a basis for group formation. The subsequent evaluation of the GRTwith 54 high
school students further confirmed the GRT’s impact on learning support: students who used
the tool added twice as many concepts in an essay after discussing as those in the unsupported
group. These results show the potential of the GRT to support both teachers and students.
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What Forty Years of Research Says About  
the Impact of Technology on Learning:  

A Second-Order Meta-Analysis and  
Validation Study
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This research study employs a second-order meta-analysis procedure to sum-
marize 40 years of research activity addressing the question, does computer 
technology use affect student achievement in formal face-to-face classrooms 
as compared to classrooms that do not use technology? A study-level meta-
analytic validation was also conducted for purposes of comparison. An 
extensive literature search and a systematic review process resulted in the 
inclusion of 25 meta-analyses with minimal overlap in primary literature, 
encompassing 1,055 primary studies. The random effects mean effect size of 
0.35 was significantly different from zero. The distribution was heteroge-
neous under the fixed effects model. To validate the second-order meta- 
analysis, 574 individual independent effect sizes were extracted from 13 out 
of the 25 meta-analyses. The mean effect size was 0.33 under the random 
effects model, and the distribution was heterogeneous. Insights about the 
state of the field, implications for technology use, and prospects for future 
research are discussed.

KEYWORDS: computers and learning, instructional technologies, achievement, 
meta-analysis.

In 1913  Thomas Edison predicted in the New York Dramatic Mirror that “books 
will soon be obsolete in the schools. . . . It is possible to teach every branch of 
human knowledge with the motion picture. Our school system will be completely 
changed in ten years” (quoted in Saettler, 1990, p. 98). We know now that this did 
not exactly happen and that, in general, the effect of analog visual media on school-
ing, including video, has been modest. In a not so different way, computers and 
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Lehren und Lernen mit digitalen Medien

Ansätze und Befunde der empirischen Bildungsforschung

Karsten Stegmann, Christof Wecker, Heinz Mandl und Frank Fischer

Zusammenfassung
Digitale Medien sind ein Bestandteil vieler Lernumgebungen in Schule, Hoch-
schule, Aus- und Weiterbildung. Die zentrale Frage der empirischen Bildungs-
forschung mit Bezug auf Lehren und Lernen mit digitalen Medien ist daher
weniger, ob digitale Medien eingesetzt werden sollten, sondern (1) welche Ein-
satzformen digitaler Medien mit welchen Wirkungen auf das Lernen einhergehen.
Dabei sind vor allem die Bedingungsfaktoren für möglichst förderliche Effekte
digitaler Medien von Interesse. Darauf aufbauend stellt sich die Frage, (2) von
welchen Kontextbedingungen des Einsatzes digitaler Medien die Implementation
digitaler Medien in der Praxis abhängt.
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Abstract
Although several qualitative analyses appeared in the domain of Learning Ana-
lytics (LA), a systematic quantitative analysis of the effects of the empirical
research findings toward the development of more reliable Smart Learning
Environments (SLE) is still missing. This chapter aims at preserving and enhanc-
ing the chronicles of recent LA developments as well as covering the
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Abstract 
In 2009, we reported on a new Intelligent Tutoring Systems (ITS) technology, example-
tracing tutors, that can be built without programming using the Cognitive Tutor 
Authoring Tools (CTAT). Creating example-tracing tutors was shown to be 4-8 times as 
cost-effective as estimates for ITS development from the literature. Since 2009, CTAT 
and its associated learning management system, the Tutorshop, have been extended and 
have been used for both research and real-world instruction. As evidence that example-
tracing tutors are an effective and mature ITS paradigm, CTAT-built tutors have been 
used by approximately 44,000 students and account for 40% of the data sets in DataShop, 
a large open repository for educational technology data sets. We review 18 example-
tracing tutors built since 2009, which have been shown to be effective in helping students 
learn in real educational settings, often with large pre/post effect sizes. The fact that 
example-tracing tutors can only handle problems with no more than a moderately-
branching solution space is sometimes, though often not, a practical impediment. CTAT 
and other ITS authoring tools illustrate that non-programmer approaches to building ITS 
are viable and useful and will likely play a key role in making ITS widespread.  
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Abstract

Background: Endoscopic sinus surgery (ESS) is a technically challenging procedure, associated with a significant
risk of complications. Virtual reality simulation has demonstrated benefit in many disciplines as an important
educational tool for surgical training. Within the field of rhinology, there is a lack of ESS simulators with appropriate
validity evidence supporting their integration into residency education. The objectives of this study are to evaluate
the acceptability, perceived realism and benefit of the McGill Simulator for Endoscopic Sinus Surgery (MSESS)
among medical students, otolaryngology residents and faculty, and to present evidence supporting its ability to
differentiate users based on their level of training through the performance metrics.

Methods: 10 medical students, 10 junior residents, 10 senior residents and 3 expert sinus surgeons performed
anterior ethmoidectomies, posterior ethmoidectomies and wide sphenoidotomies on the MSESS. Performance
metrics related to quality (e.g. percentage of tissue removed), efficiency (e.g. time, path length, bimanual dexterity,
etc.) and safety (e.g. contact with no-go zones, maximum applied force, etc.) were calculated. All users completed a
post-simulation questionnaire related to realism, usefulness and perceived benefits of training on the MSESS.

Results: The MSESS was found to be realistic and useful for training surgical skills with scores of 7.97 ± 0.29 and
8.57 ± 0.69, respectively on a 10-point rating scale. Most students and residents (29/30) believed that it should be
incorporated into their curriculum. There were significant differences between novice surgeons (10 medical students
and 10 junior residents) and senior surgeons (10 senior residents and 3 sinus surgeons) in performance metrics
related to quality (p < 0.05), efficiency (p < 0.01) and safety (p < 0.05).

Conclusion: The MSESS demonstrated initial evidence supporting its use for residency education. This simulator
may be a potential resource to help fill the void in endoscopic sinus surgery training.

Keywords: Rhinology, Endoscopic sinus surgery, Training, Education, Simulation, Virtual reality, Resident, Minimally
invasive surgery, Haptic, Technical abilities, Performance metrics, Nasal model

Introduction
Endoscopic sinus surgery (ESS) requires specialized
technical skills involving complex spatial, perceptual and
psychomotor performances [1]. Expertise in this minim-
ally invasive surgery necessitates bimanual dexterity
within a small 3-dimensional space [1], avoidance of key
vital structures (i.e. orbits, brain and carotid artery),
thorough applied knowledge of the intricate anatomy,

and proficiency in maneuvering with the indirect visual
aid of a 2-dimensional monitor [2]. Given the proximity
of the paranasal sinuses to critical structures such as the
orbits and skull base, it can be understood why ESS is
the most frequent reason for otolaryngic surgical litiga-
tion in the United States [3], and why the rate of compli-
cations during ESS is higher in trainees when compared
to attending physicians [4].
Those teaching ESS have found alternative modalities to

the traditional apprenticeship training model such as ca-
daveric dissections and 3D silicone models [1]. However,
the latter have substantial limitations with regards to the
complex needs of ESS training, such as the lack of tissue
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Abstract Orchestrating collaborative learning in the classroom involves tasks such as forming
learning groups with heterogeneous knowledge and making learners aware of the knowledge
differences. However, gathering information on which the formation of appropriate groups and
the creation of graphical knowledge representations can be based is very effortful for teachers.
Tools supporting cognitive group awareness provide such representations to guide students
during their collaboration, but mainly rely on specifically created input. Our work is guided by
the questions of how the analysis and visualization of cognitive information can be supported
by automatic mechanisms (especially using text mining), and what effects a corresponding tool
can achieve in the classroom. We systematically compared different methods to be used in a
Grouping and Representing Tool (GRT), and evaluated the tool in an experimental field study.
Latent Dirichlet Allocation proved successful in transforming the topics of texts into values as
a basis for representing cognitive information graphically. The Vector Space Model with
Euclidian distance based clustering proved to be particularly well suited for detecting text
differences as a basis for group formation. The subsequent evaluation of the GRTwith 54 high
school students further confirmed the GRT’s impact on learning support: students who used
the tool added twice as many concepts in an essay after discussing as those in the unsupported
group. These results show the potential of the GRT to support both teachers and students.
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This research study employs a second-order meta-analysis procedure to sum-
marize 40 years of research activity addressing the question, does computer 
technology use affect student achievement in formal face-to-face classrooms 
as compared to classrooms that do not use technology? A study-level meta-
analytic validation was also conducted for purposes of comparison. An 
extensive literature search and a systematic review process resulted in the 
inclusion of 25 meta-analyses with minimal overlap in primary literature, 
encompassing 1,055 primary studies. The random effects mean effect size of 
0.35 was significantly different from zero. The distribution was heteroge-
neous under the fixed effects model. To validate the second-order meta- 
analysis, 574 individual independent effect sizes were extracted from 13 out 
of the 25 meta-analyses. The mean effect size was 0.33 under the random 
effects model, and the distribution was heterogeneous. Insights about the 
state of the field, implications for technology use, and prospects for future 
research are discussed.

KEYWORDS: computers and learning, instructional technologies, achievement, 
meta-analysis.

In 1913  Thomas Edison predicted in the New York Dramatic Mirror that “books 
will soon be obsolete in the schools. . . . It is possible to teach every branch of 
human knowledge with the motion picture. Our school system will be completely 
changed in ten years” (quoted in Saettler, 1990, p. 98). We know now that this did 
not exactly happen and that, in general, the effect of analog visual media on school-
ing, including video, has been modest. In a not so different way, computers and 
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Lehren und Lernen mit digitalen Medien

Ansätze und Befunde der empirischen Bildungsforschung

Karsten Stegmann, Christof Wecker, Heinz Mandl und Frank Fischer

Zusammenfassung
Digitale Medien sind ein Bestandteil vieler Lernumgebungen in Schule, Hoch-
schule, Aus- und Weiterbildung. Die zentrale Frage der empirischen Bildungs-
forschung mit Bezug auf Lehren und Lernen mit digitalen Medien ist daher
weniger, ob digitale Medien eingesetzt werden sollten, sondern (1) welche Ein-
satzformen digitaler Medien mit welchen Wirkungen auf das Lernen einhergehen.
Dabei sind vor allem die Bedingungsfaktoren für möglichst förderliche Effekte
digitaler Medien von Interesse. Darauf aufbauend stellt sich die Frage, (2) von
welchen Kontextbedingungen des Einsatzes digitaler Medien die Implementation
digitaler Medien in der Praxis abhängt.
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Abstract
Although several qualitative analyses appeared in the domain of Learning Ana-
lytics (LA), a systematic quantitative analysis of the effects of the empirical
research findings toward the development of more reliable Smart Learning
Environments (SLE) is still missing. This chapter aims at preserving and enhanc-
ing the chronicles of recent LA developments as well as covering the

Z. Papamitsiou (*) • A.A. Economides
Interdepartmental Programme of Postgraduate Studies in Information Systems, University of
Macedonia, Thessaloniki, Greece
e-mail: papamits@uom.edu.gr; economid@uom.gr

# Springer International Publishing Switzerland 2016
J.M. Spector et al. (eds.), Learning, Design, and Technology,
DOI 10.1007/978-3-319-17727-4_15-1

1

 1 

 
 
 
 
Example-tracing Tutors: Intelligent Tutor Development for 
Non-Programmers 
Vincent Aleven, Bruce M. McLaren, Jonathan Sewall, Martin van Velsen, Octav 
Popescu, Sandra Demi, Michael Ringenberg, Kenneth R. Koedinger 
 
Human-Computer Interaction Institute 
Carnegie Mellon University 
5000 Forbes Ave 
Pittsburgh, PA 15213 
 
Corresponding author: 
Vincent Aleven 
aleven@cs.cmu.edu 
+1 (412) 268-5475 
+1 (412) 268-1266 (fax) 
 
Keywords: Intelligent tutoring systems, authoring tools, example-tracing tutors 

Abstract 
In 2009, we reported on a new Intelligent Tutoring Systems (ITS) technology, example-
tracing tutors, that can be built without programming using the Cognitive Tutor 
Authoring Tools (CTAT). Creating example-tracing tutors was shown to be 4-8 times as 
cost-effective as estimates for ITS development from the literature. Since 2009, CTAT 
and its associated learning management system, the Tutorshop, have been extended and 
have been used for both research and real-world instruction. As evidence that example-
tracing tutors are an effective and mature ITS paradigm, CTAT-built tutors have been 
used by approximately 44,000 students and account for 40% of the data sets in DataShop, 
a large open repository for educational technology data sets. We review 18 example-
tracing tutors built since 2009, which have been shown to be effective in helping students 
learn in real educational settings, often with large pre/post effect sizes. The fact that 
example-tracing tutors can only handle problems with no more than a moderately-
branching solution space is sometimes, though often not, a practical impediment. CTAT 
and other ITS authoring tools illustrate that non-programmer approaches to building ITS 
are viable and useful and will likely play a key role in making ITS widespread.  
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The McGill simulator for endoscopic sinus surgery
(MSESS): a validation study
Rickul Varshney1,7*, Saul Frenkiel1, Lily HP Nguyen1,2, Meredith Young2,3, Rolando Del Maestro4, Anthony Zeitouni1,
Elias Saad5, W Robert J Funnell1,5, National Research Council Canada6 and Marc A Tewfik1

Abstract

Background: Endoscopic sinus surgery (ESS) is a technically challenging procedure, associated with a significant
risk of complications. Virtual reality simulation has demonstrated benefit in many disciplines as an important
educational tool for surgical training. Within the field of rhinology, there is a lack of ESS simulators with appropriate
validity evidence supporting their integration into residency education. The objectives of this study are to evaluate
the acceptability, perceived realism and benefit of the McGill Simulator for Endoscopic Sinus Surgery (MSESS)
among medical students, otolaryngology residents and faculty, and to present evidence supporting its ability to
differentiate users based on their level of training through the performance metrics.

Methods: 10 medical students, 10 junior residents, 10 senior residents and 3 expert sinus surgeons performed
anterior ethmoidectomies, posterior ethmoidectomies and wide sphenoidotomies on the MSESS. Performance
metrics related to quality (e.g. percentage of tissue removed), efficiency (e.g. time, path length, bimanual dexterity,
etc.) and safety (e.g. contact with no-go zones, maximum applied force, etc.) were calculated. All users completed a
post-simulation questionnaire related to realism, usefulness and perceived benefits of training on the MSESS.

Results: The MSESS was found to be realistic and useful for training surgical skills with scores of 7.97 ± 0.29 and
8.57 ± 0.69, respectively on a 10-point rating scale. Most students and residents (29/30) believed that it should be
incorporated into their curriculum. There were significant differences between novice surgeons (10 medical students
and 10 junior residents) and senior surgeons (10 senior residents and 3 sinus surgeons) in performance metrics
related to quality (p < 0.05), efficiency (p < 0.01) and safety (p < 0.05).

Conclusion: The MSESS demonstrated initial evidence supporting its use for residency education. This simulator
may be a potential resource to help fill the void in endoscopic sinus surgery training.

Keywords: Rhinology, Endoscopic sinus surgery, Training, Education, Simulation, Virtual reality, Resident, Minimally
invasive surgery, Haptic, Technical abilities, Performance metrics, Nasal model

Introduction
Endoscopic sinus surgery (ESS) requires specialized
technical skills involving complex spatial, perceptual and
psychomotor performances [1]. Expertise in this minim-
ally invasive surgery necessitates bimanual dexterity
within a small 3-dimensional space [1], avoidance of key
vital structures (i.e. orbits, brain and carotid artery),
thorough applied knowledge of the intricate anatomy,

and proficiency in maneuvering with the indirect visual
aid of a 2-dimensional monitor [2]. Given the proximity
of the paranasal sinuses to critical structures such as the
orbits and skull base, it can be understood why ESS is
the most frequent reason for otolaryngic surgical litiga-
tion in the United States [3], and why the rate of compli-
cations during ESS is higher in trainees when compared
to attending physicians [4].
Those teaching ESS have found alternative modalities to

the traditional apprenticeship training model such as ca-
daveric dissections and 3D silicone models [1]. However,
the latter have substantial limitations with regards to the
complex needs of ESS training, such as the lack of tissue
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What Forty Years of Research Says About  
the Impact of Technology on Learning:  

A Second-Order Meta-Analysis and  
Validation Study

Rana M. Tamim
Hamdan Bin Mohammed e-University

Robert M. Bernard, Eugene Borokhovski,  
Philip C. Abrami, and Richard F. Schmid

Concordia University

This research study employs a second-order meta-analysis procedure to sum-
marize 40 years of research activity addressing the question, does computer 
technology use affect student achievement in formal face-to-face classrooms 
as compared to classrooms that do not use technology? A study-level meta-
analytic validation was also conducted for purposes of comparison. An 
extensive literature search and a systematic review process resulted in the 
inclusion of 25 meta-analyses with minimal overlap in primary literature, 
encompassing 1,055 primary studies. The random effects mean effect size of 
0.35 was significantly different from zero. The distribution was heteroge-
neous under the fixed effects model. To validate the second-order meta- 
analysis, 574 individual independent effect sizes were extracted from 13 out 
of the 25 meta-analyses. The mean effect size was 0.33 under the random 
effects model, and the distribution was heterogeneous. Insights about the 
state of the field, implications for technology use, and prospects for future 
research are discussed.

KEYWORDS: computers and learning, instructional technologies, achievement, 
meta-analysis.

In 1913  Thomas Edison predicted in the New York Dramatic Mirror that “books 
will soon be obsolete in the schools. . . . It is possible to teach every branch of 
human knowledge with the motion picture. Our school system will be completely 
changed in ten years” (quoted in Saettler, 1990, p. 98). We know now that this did 
not exactly happen and that, in general, the effect of analog visual media on school-
ing, including video, has been modest. In a not so different way, computers and 
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Warum ist Lernen mit digitalen Medien wirksam?

§ Motivation (Deci & Ryan, 2000): Autonomie, Kompetenzerleben, Anschluss

§ Kognitive Aktivierung (Klieme, 2006)

§ Feedback (Hattie & Timperley, 2007)

§ Problemlösen (Vygotsky, 1978): Zone der proximalen Entwicklung

5) Einsatz digitaler Medien
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Take-home messages

Studierende brauchen Unterstützung beim selbstregulierten Lernen.
Seien Sie ein positives Rollenvorbild:

Kommunizieren Sie klare Ziele für Ihre Lehrveranstaltungen!
Zeigen Sie regelmäßig die Gliederung Ihrer Veranstaltung auf!
Bieten Sie Raum für unterschiedliche Lernwege!

Sprechen Sie über geeignete Lernstrategien!
Schaffen Sie eine positive Fehlerkultur!

Setzen Sie nicht ausschließlich auf die soziale Bezugsnorm!
Wecken Sie die intrinsische Motivation der Studierenden!
Besprechen Sie mit Ihren Studierenden die Evaluationsergebnisse!
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Ich wünsche Ihnen eine erfolgreiche und inspirierende Konferenz!
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