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Games in Education

Mayer (2019) Ann Rev Psych
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Asking the right questions = 2"
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Using appropriate methods
Linking evidence, practice,
and theory

“Less advocacy and a better link

between claims and evide

(Mayer, 2015, Educational Psycholog
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Technology in Education

Technology is just a tool. In terms of

getting the kids working together and
motivating them, the teacher is the
most important.




Technology Acceptance
Outcome
variables

Perceived ease of use (PEOU) Mediating
Perceived usefulness (PU) variables

TechW(A"FI‘) 120000Nalld " 80%
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Behavioral intention
Technology use (USE)

Key factors

(Davis, 1989, MIS Quartely)



Technology Acceptance

Key factors

Technology self-efficacy
Subjective norm (SN) -
Facilitating conditions (FC)

External
variables

10990 Nalld " 80 %

MocBook Pro
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(Schepers & Wetzels, 2007, Information & Management)



Technology Acceptance
Effects

Between-sample variati

Diverse findings

Technology acceptance
| "

Behavioral intentions
| 2

Technology use
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e Direct effect on tech use =R
_ BI-USE link _

(King & He, 2006; Schepers & Wetzels, 2007, Inf & Man)



Scherer et al. (2019) Comp & Educ

Meta-Analysis

S

Initial search

(n=2239)

Initial screening  BRLECAEECIL.
(n=1826) Quantitative, > 2 variables.

Positive definiteness /
34357 teachers

Fine screening 1098 correlations
(n=363) 124 corr. matrices

8 TAM variables



Technology Acce Results

Effects of mediators

Positive and
significant effects
on use intentions

< PU
I.so* ATT

< PEOU 4'

Model fit
x2(1)=13.9, p<.01, CFI=.982, RMSEA=.019



Technology Acce Results

Effects of mediators

Indirect effect
B=.14,95%CI [.11,.18]

Positive and
<P significant effects
I 50*%  ATT on use intentions

< PEOU 4'

R2=40.1%

Model fit
x2(1)=13.9, p<.01, CFI=.982, RMSEA=.019



Technology Acce
The BI-USE link

Moderation by experience
and technology

In-service 4
B=.24* < PU ~
Pre-service I_so* ATT
B=.40*

o 4 34+
General

B=.45 T

Specific EEm—.
B=.24* R2=31.1%

Results

and use

=
Positive and
significant link
between intentions
USE Iﬂi ‘

LA Al Ll -\

Model fit
x2(3)=19.6, p<.01, CFI=.996, RMSEA=.016



Results

Technology Acce

R2=38.9% SN: B=.28*
TSE: B=.24*

N FC: B=.12*
SN e Positive and
PU *. significant effects
T?E l 22¢  ATT of external
) Ty variables
Y\ PEOU — .38+ .42*
FC —
' = ~ —— s K > Al R B R -0 %
T —
SN: B=.09* 5 R?=34.8% cxpm
TSE: B=.39* Model fit

FC: B=.30* x%(12)=129.8, p<.01, CFI=.982, RMSEA=.017
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Technological
Pedagogical Content
Knowledge
(TPACK)

Technological Technological

Technological

Pedagogical Content
Knowledge Knowledge Knowledge
(TPK) (TCK)

Content
Knowledge
(CK)

Pedagogical
Knowledge
(PK)
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Content
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Debunkmg myths... |
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Collaborative learning with technology is
more effective than individual learning.
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Visual tools facilitate learning better
than text-based tools.




Computer programmmg
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Scherer, Siddiq et al.

(in press) - Meta-analysis of
g=+0.58 (visual) programming instruction
g=+0.63 (text) m=139, k=375

g=+0.40 (mixed), p=.38
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Everybody in this country should
learn how to program a computer...
because it teaches you how to think.
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Learning to write programs stretches
your mind, and helps you think better,
creates a way of thinking about things
that | think is helpful in all domains.




Computational thinking

Problem solving

Decomp?smon Computational
Abstraction concepts
Algorithms |
Debugging Computational
Iteration practices
Generalization -
T RS - Computational @ “cosrnrmasaa " ®0.
S — “  perspectives ——e—

K
(Grover & Pea, 2013; Lye & Koh, 2014; Shute et al., 2017)



Computational thinking

Computer programming

Programming skills
Programming knowled
Debugging

Far transfer. by skills -




Meta-Analysis

Initial search
(n=5193)
Initial screening
(n=708)

Fine screening

(n=440)

A\

(Quasi-)experli
Control groups
Coghnitive skills

9139 students
539 effect sizes
105 studies

8 cognitive skills



Overall Transfer Effects

95% Cl [0.31

80 %

MocBock Pro
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= 0.0

B Near transfer Far transfer

L —

(m=13, k=19) (m=102, k=520)
Difference: z = 1.4, p = .16
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Hedges’ g

1.0

= (0.5

Far Transfer

~ Creativity

Programming

Programming as a
creative process
producing
computational
artifacts

(Grover & Pea, 2013)
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Summary ... _

*p<.05



Hedges’ g

O

Programming

Originality

Creativity

Elaboration
Fluency

Flexibility

Far Transfer

Significant
differences

between subskills
Q,(3)=48.1, p<.01,
R2=52.0%

T ]| ——

*p<.05



Hedges’ g

Far Transfer
creativy

== 1.0 Programming

Programming as a
process of
problem solving
and modeling

(Shute et al., 2017; Scherer, 2016)
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Summary ... _

*p<.05



Hedges’ g

Far Transfer

== 10 Programming

Significant

L ]
i Problem solving differences
=% L] Reasoning  Critical thinking between subskills
n o 0,:(3)=8.6, p<.05,
2— A
N m Reasoning and B 0%
— intelligence
= 0.0 = — 1 ! L B
- S —— O Attention, memory, Subskills ... _

perception

*p<.05



Hedges’ g

Far Transfer

== 10 Programming Creativity

Math ical ski i
athematical skills Programming as a

process of
problem solving
and modeling

(Shute et al., 2017; Scherer, 2016)

— Metacognition

O
8 Reasoning Spatial skills

O

- O Achievement

Summary ...
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*p<.05



Hedges’ g

Far Transfer

== 10 Programming Creativity

Mathematical skills Fixed-effects

model without
within- and

— Metacognition
= 0.5

O R ' Spatial skills
i S0 e between-study
1) o Achievement variation

= (.0 » — T . 1 20 QI
— 4 h - | Literacy Summary =

*p<.05



Hedges’ g

Far Transfer

== 10 Programming Creativity

Mathematical skills Significant
oL " differences
— Metacoghition .
—l | between skills
' 80 Reasoning Spatial skills measures
- O Achievement (D) =136

g = 0.045

= 0.0 f '
: = ~ ] = u “;j‘ lt@e
— O | Literacy Summary ...

*p<.05



Hedges’ g

Moderators

== 1.0 Programming e

Treatment of

control groups
Q,(1)=40.1, p< .01,
R2=16.7%
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Study design

*p<.05



Hedges' g

Moderators

== 10 Programming
 Far transfer

- O .
n Primary school :

(] Educational level
= 0.5 ot Kindergarten Q,(3)=2.2, =.55
B DD 7 7

Secondary school R2=0.0%

Higher education

Study sample .

*p<.05



Issues

Study designs

= Lack of baselin
= Treated vs. untrea
= Pre- and post-measur
= Measurement issues
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So what? Positive transfer effects
|

(8B Creativity & problem solving
i Need for good studies
~__ ..y
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In essence...
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« " Asking the right questions
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Contextualize >- Using appropriate methods

Explain

Integrate
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Linking evidence, practice,
and theory
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“Less advocacy and a better lir

between claims and e

(Mayer, 2015, Educational Psyc
|






UiO s CEMO - Centre for Educational Measurement
University of Oslo

All pict trieved f
Refe re n ces unsrsrasljl:izvr;e[;ecgszsgeél Ol;c'z;nber 2018].

Davis, F. D. (1989). Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information
Technology. MIS Quarterly, 13(3), 319-340. https://doi.org/10.2307/249008

Grover, S., & Pea, R. (2013). Computational Thinking in K—12. Educational Researcher, 42(1), 38-43.
https://doi.org/10.3102/0013189X12463051

Heick, T. (2015, Nov 5). 30 Incredible Ways Technology Will Change Education By 2028. Retrieved from
https://www.teachthought.com/the-future-of-learning/30-incredible-ways-technology-will-change-
education-by-2028/ (accessed 10 Oct 2018)

King, W. R., & He, J. (2006). A meta-analysis of the technology acceptance model. Information & Management,
43(6), 740-755. https://doi.org/10.1016/j.im.2006.05.003

King, W. R., & He, J. (2006). A meta-analysis of the technology acceptance model. Information & Management,
43(6), 740-755. https://doi.org/10.1016/j.im.2006.05.003

Lye, S. Y., & Koh, J. H. L. (2014). Review on teaching and learning of computational thinking through
programming: What is next for K-12? Computers in Human Behavior, 41, 51-61.
https://doi.org/10.1016/j.chb.2014.09.012

Mayer, R. E. (2015). On the Need for Research Evidence to Guide the Design of Computer Games for Learning.
Educational Psychologist, 50(4), 349-353. https://doi.org/10.1080/00461520.2015.1133307



https://doi.org/10.2307/249008
https://doi.org/10.3102/0013189X12463051
https://www.teachthought.com/the-future-of-learning/30-incredible-ways-technology-will-change-education-by-2028/
https://doi.org/10.1016/j.im.2006.05.003
https://doi.org/10.1016/j.im.2006.05.003
https://doi.org/10.1016/j.chb.2014.09.012
https://doi.org/10.1080/00461520.2015.1133307

UiO s CEMO - Centre for Educational Measurement
University of Oslo

All pictures were retrieved from

Refe re n ces unsplash.com [accessed 4 October 2018].

Mayer, R. E. (2019). Computer games in education. Annual Review of Psychology, 70.
https://doi.org/10.1146/annurev-psych-010418-102744

Mishra, P., & Koehler, M. J. (2006). Technological Pedagogical Content Knowledge: A new framework for teacher
knowledge. Teachers College Record, 108(6), 1017-1054. https://doi.org.10.1111/j.1467-9620.2006.00684.x

Schepers, J., & Wetzels, M. (2007). A meta-analysis of the technology acceptance model: Investigating subjective
norm and moderation effects. Information & Management, 44(1), 90-103.
https://doi.org/10.1016/j.im.2006.10.007

Scherer, R. (2016). Learning from the past — The need for empirical evidence on the transfer effects of computer
programming skills. Frontiers in Psychology, 7(1390). https://doi.org/10.3389/fpsyg.2016.01390

Scherer, R., Siddiqg, F., & Sanchez Viveros, B. (2018). The Cognitive Benefits of Learning Computer Programming: A
Meta-Analysis of Transfer Effects. Journal of Educational Psychology, http://dx.doi.org/10.1037/edu0000314

Scherer, R., Siddig, F., & Tondeur, J. (2019). The technology acceptance model (TAM): A meta-analytic structural
equation modeling approach to explaining teachers’ adoption of digital technology in education. Computers
& Education, 128, 13-35. https://doi.org/10.1016/j.compedu.2018.09.009

Shute, V. J., & Rahimi, S. (2017). Review of computer-based assessment for learning in elementary and secondary
education. Journal of Computer Assisted Learning, 33(1), 1-19. https://doi.org/10.1111/jcal.12172



https://doi.org/10.1146/annurev-psych-010418-102744
https://doi.org.10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.1016/j.im.2006.10.007
https://doi.org/10.3389/fpsyg.2016.01390
http://dx.doi.org/10.1037/edu0000314
https://doi.org/10.1016/j.compedu.2018.09.009
https://doi.org/10.1111/jcal.12172

UiO s CEMO - Centre for Educational Measurement

University of Oslo

Contact

Ronny Scherer

Department of Teacher Education and School Research
Faculty of Educational Sciences

Postbox 1099 Blindern

NO-0317 Oslo

ronny.scherer@cemo.uio.no



mailto:ronny.scherer@cemo.uio.no

UiO s CEMO - Centre for Educational Measurement
University of Oslo

Citation

Please cite this presentation as follows:

Scherer, R. (2018, October 11-12). Determinants and consequences of
technology integration in classrooms: Between technology acceptance and
twenty-first century skills. Paper presented at the Fachtagung IWM #Learnmap,
Tubingen, Germany [Keynote talk].



