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Abstract: The objectives of this study were to examine (a) the effect 
of dynamic assessment (DA) in a 3D Immersive Virtual Reality 
(IVR) environment as compared with computerized 2D and non-
computerized (NC) situations on cognitive modifiability, and (b) the 
transfer effects of these conditions on more difficult problem solving 
administered two weeks later in a non-computerized environment. A 
sample of 117 children aged 6:6-9:0 years were randomly assigned 
into three experimental groups of DA conditions: 3D, 2D, and NC, and 
one control group (C). All groups received the pre- and post-teaching 
Analogies subtest of the Cognitive Modifiability Battery (CMB-AN). 
The experimental groups received a teaching phase in conditions similar 
to the pre-and post-teaching phases. The findings showed that cognitive 
modifiability, in a 3D IVR, was distinctively higher than in the two 
other experimental groups (2D computer group and NC group). It was 
also found that the 3D group showed significantly higher performance 
in transfer problems than the 2D and NC groups.
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1 Introduction

1.1 Dynamic Assessment

A growing number of research evidences in the literature of cognitive evalua-
tion shows significant contribution of the dynamic assessment (DA) approach 
in obtaining a richer and more reliable feedback with respect to (a) children’s 
cognitive capacity (b) construction of intervention programs and (c) effective 
programs for the development of the abstract thinking (Tzuriel, Klein, 1985; 
Tzuriel, 2001; Tzuriel, 2000; Tzuriel, Caspi, 1992; Tzuriel, Kaufman, 1999; 
Tzuriel, Shamir, 2002; Tzuriel, Shamir, 2007; Tzuriel, Shamir, 2010).

The DA approach is based on the Structural Cognitive Modifiability (SCM) 
and the Mediated Learning Experience (MLE) theory and forms a key wor-
king assumption in the current research (Tzuriel, 2001, 2002; Feuerstein, et al., 
1980, 1991; Feuerstein, Klein, Tennenbaum, 1991). The DA approach to the 
measurement of the learning process represents a relatively new trend in eva-
luating learning potential (cognitive modifiability) and is offered as an alterna-
tive with an advantage over the static assessment (SA) in evaluating the child’s 
cognitive ability. While the conventional static procedure measures only the 
level of the subject’s achievements, without any attempts at intervention, the 
focus of DA is on the observing and measuring of the learner’s cognitive mo-
difiability with the assistance of adequate MLE (Tzuriel, 2001). 

The concept of cognitive modifiability refers to structural change brought 
about with the help of intervention, which guides the individual’s absorption of 
external stimuli (Lidz, 1991; Tzuriel, 2000). The measurement process of the 
cognitive modifiability in a dynamic assessment consists of a pre-test which 
provides a preliminary evaluation of an initial performance, a learning phase 
which includes mediation by an adult and a post-test to examine post-learning 
performance.

1.2 Dynamic assessment in computerized environments

Numerous studies indicate, alongside the developments in the DA, that the 
use of computerized environments, including virtual reality environment, con-
tributes to the development and empowerment of children’s thinking ability 
(Klein, Nirgal, Darom, 2000; Tzuriel, Shamir, 2007; Clements, Samara, 2002; 
Passig, Neuman, Eden, 2002, Passig, Miler, 2014; Passig, 2013; Passig, Eden, 
Rosenbaum, 2008; Passig, Eden, 2002).
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In light of the findings attesting to the significant contribution of a compu-
terized environment to the learner’s thinking development, well as the findings 
indicating that the DA process provides a clearer picture of the child’s learning 
potential, we have decided to integrate the two domains. In the current research 
we focus on examining the learner’s cognitive modifiability, through experi-
encing various environments, including computer environments, using a DA 
approach. The diverse learning environments in which we conducted the DA 
process were: (1) a three-dimensional immersive environment (3D Immersive) 
via virtual reality technology with three-dimensional immersive Head Moun-
ted Display-HMD (enabling the subject to feel as if he or she were immersed 
within the virtual world) (2) two-dimensional computerized environment with 
a mouse-screen interface (where the virtual world is in front of the subjects) 
(3) board and blocks (with no technological aids). DA in a virtual reality en-
vironment (three-dimensional immersive environment – 3D IVR) is the first 
known study.

In the process of the DA we have examined the following questions: (a) in 
which learning environment will children show higher cognitive modifiabili-
ty? (b) Does DA provide a more accurate measurement of the learning poten-
tial than static assessment? Likewise, we examined the degree of the learning 
potential over time under various learning conditions.

1.3 Transfer test

An important aspect of the present study was the transfer test of the princip-
les learned in the DA procedure regarding problem solving of a higher order. 
Transfer is the effective and reasoned use of principles, relationships, and stra-
tegies at the time of carrying out a task perceived by the examiner as clearly 
more difficult than the tasks whose frameworks were taught (Salomon, Per-
kins, 1989).

An additional aspect, in which the concept of transfer was examined, tou-
ched on the correlation between the use of computerized technology and the 
improvement of cognitive skills over time, as opposed to the improvement 
in cognitive skills over time without technology. A few studies (Pea, 1987; 
Salomon, Perkins, Globerson, 1991) posited a distinction between two proces-
ses in which technologies impact cognition over time. One included a process 
called the “Effect with Technology,” while the other is called the “Effect off 
Technology.”
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The first process addresses the changes in achievements, which happen in 
the course of interaction with technology, and therefore, is called the “Effect 
with Technology”. The second process addresses the effect on the cognitive 
ability of the user over time. The intellectual partnership with the compute-
rized tool leaves a cognitive imprint transfer on different cognitive abilities, 
such as the ability to generalize and self-regulate.

In the present study we assumed that the subject’s experience in DA in a va-
riety of environments, via the computer and through the use of wooden cubes, 
would not only affect the learner’s achievements at the time of the assessment, 
but would also be preserved and consequently manifested even at a later stage.

1.4 Analogical thinking and dynamic assessment

The cognitive domain was selected from a major field in children’s cognitive 
development – analogical reasoning. It constitutes one of the important fields 
in evaluating cognitive capacities and considered central to the measurement 
of learning processes and mathematical thinking (Holyoak, 2004; Halford, 
1993; Sternberg, 1977; Goswami, 1992). Analogical thinking is strategic thin-
king, which enables children to reach conclusions about phenomena, which are 
presented to them for the first time (Holyoak, 2004). In a number of studies it 
was shown that infants demonstrated an ability to solve analogical problems 
at the age of 18 months, but failed to reach a high level of ability by the time 
they have reached puberty (Richland, Morrison, Holyoak, 2006). Although the 
overall consensus is that analogical capability is important to a child’s cogniti-
ve development, there is a lack of agreement regarding the mechanism invol-
ved in developing analogical conclusions.

One of the interesting findings, which surfaced from the research based on 
the Dynamic Assessment approach over the last decade, is that children suc-
ceed in solving analogical problems on a much higher level after a short, inten-
sive phase of learning (Tzuriel, 2000, 2001, 2007; Tuntler, Resing, 2007). In 
those studies, which examined children’s analogical ability, researchers found 
that mediation in analogical thinking relevant to children based on familiar re-
lationships with visual and concrete imaging or gaming, helped young children 
in analogies solving (Richland, Morrison, Holyoak, 2006).

To sum, the main hypothesis was that children’s cognitive modifiability in 
analogical thinking, in a DA process, within a three-dimensional immersive 
computer environment would be higher than in a two-dimensional computeri-
zed environment, in a non-computerized environment and in a control group.
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Furthermore, it was hypothesized that children’s cognitive performance 
scores in transfer analogies (i.e., more complex than those tested at the DA 
stage) given two weeks later in a non-computerized environment, would be 
higher in the three-dimensional immersive computerized environment group 
as compared with the other experiential groups and the control group.

2 Method

2.1 Subjects

The sample was composed of 117 children at the age of 6:6 to 9:0 years, 61 
boys and 56 girls. All children attended schools in the central region of Isra-
el and were randomly selected from 4 schools. The children were randomly 
assigned into four groups: three experimental and one control group. The ex-
perimental groups participated in three different DA environments (i.e., three-
dimensional immersive computer environment (3D IVR), two-dimensional 
computerized environment (2D), and non-computerized environment (NC)); 
whereas the control group participated in a NC environment, in which cogni-
tive performance measurement was held with no learning phase. Following in 
table 1 is the breakdown of the groups by gender.

Table 1: Breakdown of the research groups by gender

In general, the number of boys was somewhat larger than the number of girls, 
52.1 % vs. 47.9 %. χ2 analysis did not indicate a statistically significant differ-
ence between the groups χ2 = .75, df =1, ns.

It is worth noting that since the focus of this study was about DA in a 
computerized environment, we decided, already at the planning stage, that 
the groups assessed through the computer would be bigger than the other two 
groups.

Groups Gender
Boys Girls

N % N %
1-3D-IVR 19 52,6 17 47,4
2- 2D 21 58,3 15 41,7
3-Blocks 12 50,0 12 50,0
4- Control 9 42,9 12 57,1
Total 61 52,1 56 47,9
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In the course of the research we also examined the age of the children 
and the education level of the parents. According to the findings, there were 
no statistically significant differences among the four groups studied in our 
research, except significant difference in the NC group in which the fathers’ 
education level was relatively lower than in that of 3D IVR Group.

2.2 Research instruments

Analogies sub-test from the CMB test (Tzuriel, 1995) was used for the purpose 
of examining cognitive modifiability in analogical reasoning. The test was de-
signed for children in kindergarten and those attending first through fourth 
grades The test is built of a board, 18 cm x 18 cm which includes 9 windows 
set in a format of 3 x 3, with 64 wooden cubes in four colours (yellow, blue, red 
and green). Each coloured brick has four lengths (2 cm, 3 cm, 4 cm, and 5 cm). 
Four windows are open at the top of the board. The examiner places the bricks 
in three of the four open windows, and asks the child to complete the placing 
of the bricks in the fourth window. The problems are based on dimensions of 
colour, height, number, and location (for example, figure 1 – problem #14 from 
post-learning stage). The test has problems of three levels of difficulty, derived 
from the number of dimensions included in the problem. The problems are 
organized from easy to difficult.

The test also produced a measure of transfer scores. The goal of the transfer 
problems was to assess the degree of internalization of the principles of prob-
lem-solving through the use of analogical thinking, which were taught in the 
first stage.

The test on transfer was administered according to the static assessment 
approach, which included problems with no a learning stage. An example of 
the problem of transfer (TR8-A) can be seen in figure 1.

This test was also converted to a computerized version. The computer pro-
gram made it possible to observe the problem from three angles: from above, 
from the side, and from within. We placed three buttons in the upper centre of 
the screen, and while pressing any one of them made it possible to move from 
one to any other angle of observation on the problem. In figure 2 there is a 
sample of an analogical problem from side angle.

In addition, the computerized program was written to enable the problem 
to rotate on a 360º horizontal axis (and thus made it possible to observe it from 
several perspectives) and at a 45º angle on a vertical (up and down) axis.

The grading system, in the DA and transfer stages, in both versions (orig-
inal CMB test and computerized CMB test) was carried out according to the 
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measure-research approach, which included two methods of grading: 1. all 
or nothing, and 2. partial scores. In the all or nothing approach, a score was 
registered when all of the problem`s dimensions have been identified correctly. 

The total number of points for each stage in all or nothing method (pre or 
post-learning) was 14 points. Based on this scoring method graded the level 
of analogical performance of the pre-learning and the post-learning stages. In 
the partial scores method, the scores were given for each correct identifica-
tion of one of the dimensions (colour-(c), number-(n), height-(h), location-(l)). 
For each correct answer the child was scored with one point. Based on this 
scoring method we produced the grade representing the level of analogical 
performance of each of the analogy’s dimensions. The total number of points 
was 56 points. The advantage of assessing each child with two methods lies 
with the recorded gap between the two results. This indicated a difficulty in 
the integration of the dimensions in solving the problem (Tzuriel, 2001). In 
total, from the CMB-AN test we obtained three measures: pre-learning score, 
post-learning score and transfer score. The Cronbach’s alpha reliability coef-
ficient of the wooden bricks’ format of the CMB-AN test was found to be α = 
.83 for pre-learning and α = .78 for post-learning (Tzuriel, 2000).

Figure 1: Analogical problem #14 from post-learning stage (AN14-A) and Transfer 
problem (TR8-A)
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Figure 2: Presentation of problem TR2-B on the multimedia board as seen  
from the side

2.3 Procedure

The research consisted of two measuring stages, conducted two weeks apart 
from one another. The first consisted of DA in analogical thinking in the va-
rious diagnostic environments; the second consisted of transfer problem sol-
ving (more complex problem) in a non-computerized environment.

The assessments were performed in a small room assigned for that purpose 
by the school. Individual DA procedures were carried out in the first phase in 
all experimental groups.

All groups received the pre- and post-teaching Analogies subtest of the 
Cognitive Modifiability Battery (CMB). The experimental groups received a 
teaching phase in conditions similar to the pre- and post-teaching phases. In 
this way we assessed the level of the subjects’ cognitive modifiability. The 
amount of time allotted for the DA procedure in the three groups was identical: 
90 minutes divided equally for each stage (30 minutes each).

The assessment included all the items of the CMB-AN test. Each part of 
the assessment included 14 items. In the control group we measured cognitive 
achievements with problems of pre- and post-learning phase without the lear-
ning stage.
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3 Results

3.1 Differences among the groups in cognitive modifiability

Table 2: Averages, standard deviations, and F analyses of analogy scores pre- and 
post-learning among all four groups

 
Table 3: Covariance analysis of the comparison between couples of four experimental 

groups in the pre- and post-learning (DA)

Research Groups

3D-IVR 2D Blocks Control Group X Time

Scores

Pre Post Pre Post Pre Post Pre Post F(3,113)   Eta2

M 2.58 10.72 4.02 9.75 4.70 10.45 4.00 4.19 25.18***  .40

SD 3.27 3.89 3.36 2.87 4.49 3.20 4.42 3.57

Group 
comparison df F Eta2

3–4 1,43 28.53*** .40
2–4 1,55 49.11*** .47
1–4 1,55 117.70*** .68
2–3 1,58 .00 .00
1–3 1,58 5.88* .09
1–2 1,70 9.89** .12
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3.2 Differences between the groups in the dimensions of analogical 
thinking

Table 4: Averages, standard deviations, and F analyses of the four dimensions in the  
various groups and the MANOVA results for each dimension separately.

3.3 Differences between the groups in the transfer test of analogical 
thinking

Table 5: Averages, standard deviations, F analysis of cognitive performance in the 
transfer test in all four research groups.

   ***P < .001 

Dimen- 
sions

3D-IVR 2D Blocks Control Time X Gr.

Pre Post Pre Post Pre Post Pre Post F(3,113) Eta2

H M 9.47 12.02 9.36 11.58 10.0 13.16 9.95 10.14 *2.82 07.

SD 3.56 43. 3.81 43. 3.16 52. 3.90 5.64

L M 9.55 12.25 9.13 12.05 9.33 11.58 9.71 10.76 1.85 04.

SD 2.71 38. 3.04 38. 2.69 46. 4.31 50. 

C M 10.52 13.50 11.13 13.00 9.16 13.08 10.52 10.42 3.83* 09.

SD 4.84 34. 3.79 34. 4.44 42. 3.41 45.

N M 11.69 13.33 11.11 12.72 9.16 12.70 9.57 9.66 3.56* 05.

SD 2.85 36. 3.38 36. 4.74 44. 4.08 48.

Groups

3D-IVR 2D Blocks Control F(3,113) 2 Eta

Transfer 
Analogies 
Scores

M 5.32 3.59 3.50 1.47 17.34*** .32

SD 2.47 1.76 2.02 1.20
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Figure 3: Average analogies scores of the pre- and post-learning among the four 
experimental groups

3.4 Differences between groups in the dimensions of the transfer test

Table 6: Averages, standard deviations, and the F analysis of different dimensions in 
the transfer test by the four research groups

*P< .05,  **P < .01 

Dimen-
sions

Groups
3D-IVR 2D Blocks Control F(3,113) Eta²

H M 10.75 10.36 9.95 8.66 3.91* .09
SD 1.72 1.95 2.47 3.24

L M 9.75 9.75 9.04 8.61 1.28 .03
SD 2.40 1.82 2.09 3.91

C M 12.41 12.13 11.87 9.90 8.18** .18
SD 1.18  1.29 2.55 2.93

N M 10.61 9.75 10.08 9.47 1.47 .04
SD 1.98 2.37 1.93 2.56
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4 Discussion

4.1 Differences among the groups in cognitive modifiability

The research findings indicate distinct improvement in the analogies scores 
from pre- to post-teaching phases in the experimental groups. As hypothesized, 
cognitive modifiability in a 3D IVR was distinctively higher than in the two 
other experimental groups (2D computer group and NC group).

These results support findings of other VR studies, and add another impor-
tant layer. From our findings we learn that the experience in solving problems 
with the assistance of virtual reality can improve cognitive abilities. Our study, 
in this regard, supports Passig’s (2014) claims and broadens his scope to inclu-
de the areas of mediated learning and Dynamic Assessment. But different from 
Steinwandel and Ludwig’s (2011) results where recognition and processing of 
spatial structures within the working environment “model” was superior to the 
other two forms of representation – like illustration or interactive animation.

As opposed to earlier research in the fields of mediated learning and DA, 
this study adds an additional layer by integrating a DA procedure of analogi-
cal thinking with 3D IVR. Indeed, it seems that a DA procedure in a 3D IVR 
setting can better reflect the subject’s potential for learning than other settings. 
One possible explanation for this lies in the manner in which we use virtual 
reality. The improvement of cognitive skills derives from the possibilities em-
bedded within this technology to present abstract concepts in concrete, visual, 
three dimensional, and game oriented ways. It is well established from earlier 
research, in the field of the development of analogical thinking in early child-
hood, that when analogies are presented to children by means which are both 
familiar to them and which in their view have concrete significance; they do 
well at solving them (Goswami, 1992; Halford, 1993). These characteristics, 
embedded in the nature of the VR technology, seem to have expanded the 
ways in which information is presented, as well as having assisted the young 
children’s ability in the course of the DA procedure to reach an analogical 
conclusion.

It seems that in the course of learning and assessment, the children’s oppor-
tunities for gaining concrete experiences are empowered by means of exposure 
to additional information – both visual and new which are solely virtual. It 
seems that this visual information stimulates a unique perceptual experience 
which contributes to the understanding of the transformations in the dimensi-
ons of the problem and creation of new and more broadened representations as 
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well as schemes which empower the children, and present them with the ability 
to solve problems.

On the basis of these findings, one may conclude that the use of the virtual 
reality environment contributes to the empowerment of the children’s cogni-
tive capacity. We may further conclude that integrating the DA into a three-
dimensional immersive environment reflects to a greater extent the learning 
potential of the subject’s in comparison to the DA in the other research diagno-
stic environments.

4.2 Dynamic assessment in the context of the four dimensions of the test

The performances requiring analogical thinking was also tested with four ad-
ditional dimensions: location, height, number and colour. In testing the impact 
of mediation on the performance in the different dimensions, we found a stati-
stically significant difference between the first and the second measurements, 
though not find a significant difference in cognitive performances on the va-
rious dimensions between the 3D IVR group and the rest of the experimental 
groups.

We may explain the difference between the results of the first to the second 
by means of the differing approaches with which we scored the achievements. 
In measuring the score for the analogical from pre- to post-learning, we adopted 
the approach of ‘all or nothing’. In this approach the emphasis was on the com-
plete solution of the problem. In this scoring method, the subject must weigh 
a number of transformations together and provide one answer. Only a correct 
answer in all four dimensions would give him or her one credit. However, in 
measuring the score with each of the test dimensions, we applied the partial 
scoring approach, according to which the score given to the correct solution 
of each of the dimensions was calculated separately, with no interdependence 
between them. According to this approach, it was possible the subject to solve 
three out of four dimensions correctly and to receive for this a partial grade of 
three points (one point for each correct answer). It may be that for each scoring 
method, different thinking abilities are required, and thus the ‘all or nothing’ 
method required integration of all the dimensions. That way, the advantage we 
found in the 3D IVR environment overall score was not preserved in each of 
the dimensions of the analogy.

We may summarize by saying that the DA experience with 3D IVR had 
an impact on the cognitive performance of the child in a way that it improved 
his other ability to generally observe the problem, simultaneously address the 
transformations which occurred in the dimensions of the analogy, and generate 
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a valid integration between them towards its full solution. Accordingly, when 
dealing with a solution involving each dimension separately, the DA experi-
ence with 3D IVR had a similar impact as a DA experience with a computeri-
zed 2D or a wooden board and bricks settings.

4.3 Differences between the groups in the transfer Test of analogical 
thinking

Moreover, it was found that in the transfer test, held two weeks later in an NC 
environment and consisted of more complex problems, the cognitive perfor-
mance, among the subjects who experienced an assessment in a 3D IVR, was 
maintained and distinctively higher as opposed to the subjects’ achievements 
in the other groups. The DA in the 3D IVR was more effective in internalizing 
the mediated cognitive principles, namely in the ability to apply them in sol-
ving more complex problems. These findings point both to the credibility of 
the results, obtained at the DA stage, and to the possibility of maintaining and 
‘transferring’ the level of achievements, measured in assessment in a three-
dimensional environment to an environment with no technological aids.

Integrating the use of a 3D IVR in a DA procedure generates “an intellec-
tual collaboration” (Pea, 1987; Salomon, Perkins, Globerson, 1991) among the 
computer, the subject and the examiner. This collaboration apparently creates 
a unique perceptual experience, which broadens the subject’s mental imagery 
world, heightens the internalization of the mediated cognitive principles and 
contributes to its performance. The virtual reality technology, therefore, is an 
appropriate and important diagnostic environment.

As in the first phase no differences were found between the 3D IVR to the 
other groups in terms of the scores of the test’s dimensions.

5 Conclusion

This research has increased our understanding regarding the contribution of in-
tegrating the use of computerized environments in DA processes. The current 
research is added to a limited number of earlier studies, which had examined 
thinking development in a virtual reality environment as well as to a line of re-
search in the DA domain. It may be inferred from the current research findings 
as a whole that integrating the virtual reality technology in a DA procedure is 
one of the effective means of a computer use in this procedure. Thus, a DA 
of an analogical reasoning capacity in such environment reflected the child’s 
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learning potential to a greater extent in comparison with a 2D computerized 
environment and a NC environment.

Consequently, we suggest that the evaluation of the child’s cognitive mo-
difiability capacity is affected by the environment where the assessment is 
conducted through the collaboration between the child, the computer and the 
examiner.

In practice, the research has clinical and educational applications. Based on 
the current research findings, we may conclude that diagnosticians and educa-
tors can relate to the DA results in a 3D-IVR as predictive of cognitive modifi-
ability capacity in reality. A possibility is opened for diagnosticians to consider 
and select out of a number of diagnostic environments the one, which would 
best reflect the child’s learning potential. Conducting the DA in the virtual 
reality is an additional layer in the development and integration of dynamic 
assessment processes in computerized worlds and advanced technologies.
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