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Abstract
In this exploratory study the understandings demonstrated by primary students as a result of
their involvement with the interactive CD package Astronomy Village®: Investigating the
Solar System™ were explored.  Thirty-one students aged between 10 and 12 years, from two
schools in rural New South Wales completed two tasks before and after the intervention.  The
first task was a 40-item multiple-choice test, traditionally used to evaluate students’
understanding, and the second task was an open-response question.  The results between pre
and post-tests on the multiple-choice questions suggested students improved their content
knowledge with a statistically significant difference recorded.  The open-response question
was analysed using the Structure of the Observed Learning Outcome (SOLO) Model.
Approximately one-third of the students demonstrated an improved level of understanding,
after the two-week intervention period, however, the magnitude of this change was not
statistically significant according to a Wilcoxon signed rank test.  The utilisation of the SOLO
Model provided a qualitative insight into the change of students’ understandings that
complemented the quantitative results obtained from the multiple-choice test.  As a
consequence of this study, similar tasks are being used in the United States to evaluate
software packages.
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One question usually accompanying a teaching period is:  How well have students understood

the material covered?  There is no definitive answer to such a question without a clearer

description of what is meant by the term ‘understood.’  In some circumstances, understanding

may indicate that students can score highly on a test; perform certain tasks; describe relevant

features; or explain underlying concepts.  Unfortunately, more often than not in science,

assessment becomes focused around content and the quantity of material students can process

(recall) as measured by multiple-choice and short answer tests (Bennett, Wragg, Carre, &

Carter, 1992; Duschl & Gitomer, 1997).

While these more traditional tasks have their place, some teachers utilise a range of

alternative assessment tasks to gauge students’ understandings including: concept maps,

journal writing, and open questions.  The advantage of these latter tasks is that they stress

“quality over quantity, meaning over memorizing, and understanding over awareness”

(Mintzes, Wandersee, & Novak, 2001, p. 118).

Clearly, there is no method of assessment that meets the needs of all teachers and students.

However, what is crucial is that in developing an assessment activity, teachers consider the

purpose of the task, the criterion or aspect being measured or assessed, and its relevance to

the syllabus outcomes and/or curriculum (Pegg, 2003).  When considered in this manner,

assessment becomes an important “embedded” (Wilson & Sloane, 2000, p. 1) component of

the teaching-learning process.

This paper reports on the results when a traditional multiple-choice test and an open-response

item are employed to assess students’ understandings of planetary processes as a consequence

of their involvement with the interactive software package Astronomy Village®: Investigating

the Solar System™.  The main purpose of this paper is to discuss students’ responses to the

open-response question in terms of the SOLO model (Biggs & Collis, 1982, 1991; Pegg,

2003).

Theoretical Framework

The SOLO model, developed in the late 1970s, has much in common with the neo-Piagetian

frameworks of Case (1992), and Fischer and Knight (1990).  It was devised to focus on the

structure of students’ responses after a learning sequence.  Underlying the model is the

assumption that cognitive understanding does not equate to a stable cognitive construct as
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with Piaget (1954), but involves individual characteristics that are content and context

dependent.  The important variables determining the quality of a response includes the

working memory available, the amount of information that can be retained by the learner, and

features specific to the learning task (Biggs & Collis, 1991).

Incorporated in the SOLO model are two important features.  The first concerns the nature or

abstractness of the response and is referred to as the mode of thinking.  This refers to the type

of intellectual functioning that is required to address adequately a particular stimulus.  As

such, each mode has its own identity, its own specific idiosyncratic character.  The second

feature depends on an individual’s ability to handle, with increased sophistication, relevant

cues.  This feature is referred to as levels of response, which are seen to reside within cycles

of learning that provide a hierarchical description of the nature of the structure of a response.

While these levels occur within each mode, the specific nature of these levels is dependent on

the particular mode targeted by the stimulus item.

In terms of the modes of thinking, five are discernable.

• Sensorimotor where a person reacts to the physical environment.  For the very young

child it is the mode in which motor skills are acquired.  In adult life, this mode is

utilised as skills associated with various sports as they develop and evolve.

• Ikonic when a person is able to internalise actions in the form of images.  It is in this

mode that the young child develops words and images that represent objects and

events.  For the adult, this mode of functioning assists in the appreciation of art and

music and leads to a form of knowledge referred to as intuitive.

• Concrete symbolic when a person thinks by the use of a symbol system such as written

language and number systems.  Thinking in this mode is reliant on a ‘real-world’

referent.  This is the most common mode addressed in learning in the upper primary

and secondary school.

• Formal where a person is able to consider concepts that are abstract.  Students are no

longer restricted to a real-world referent and are able to work with ‘principles’ and

‘theories.’  In its more advanced form it involves the development of disciplines.

• Post Formal when a person is able to question or challenge the fundamental structure

of theories or disciplines (Biggs & Collis, 1982).
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While the five modes of thinking are distinct and are seen to develop in the order provided

above, the functioning in a later acquired mode (say, concrete symbolic) does not preclude the

use of an earlier acquired mode to support understanding (such as ikonic or sensorimotor).

This is referred to as multi-modal functioning.  The important consideration here is that all

modes are available and continue to develop throughout life in response to experiential,

social, cultural, educational, or genetic factors (Collis, Jones, Sprod, Watson, & Fraser, 1998).

In terms of the second feature of the model, three levels of responses make up a cycle of

learning within a particular mode.  These are referred to as:

• Unistructural (U): where the individual focuses on the domain/problem, but uses only

one piece of relevant data so the response may be inconsistent.

• Multistructural (M): where two or more pieces of data are identified as independent

units.  No integration is demonstrated between the data with inconsistencies often

evident in the response.

• Relational (R): where all data are now available, with each piece woven into an

overall mosaic of relationships culminating in a logical endpoint.  The whole has

become a coherent structure lacking inconsistencies within the given context.

The modes of thinking and levels of responses within these modes are summarised in Figure 1.

Modes

Post formal

Formal

Concrete symbolic

Ikonic

Sensori motor

Age in years (Not to scale)

knowledge
Forms of

Theoretical

Theoretical

Declarative

Intuitive

Tacit

0 1.5 6 16 20

U M
R

U M
R

U M
R

U M
R

Figure 1: Modes and levels in SOLO Model
(Adapted from Biggs & Collis, 1991)

While the U, M, and R levels identify a cycle of understanding in a mode, investigations over

the past several years have indicated that a single cycle is restrictive and does not explain
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fully the development of a concept (Campbell, Watson, & Collis, 1992; Collis, Jones, Sprod,

Watson, & Fraser, 1998; Levins & Pegg, 1993; Panizzon, 2003; Pegg, 1992, 2003; Watson,

Collis, Callingham, & Moritz, 1995).  Subsequently, two unistructural–multistructural–

relational cycles (i.e., U1-M1-R1 and U2-M2-R2) have been incorporated into the model for the

concrete symbolic and formal modes (see Figure 2).

R R
M M

U U

=

1

1

1

2

2
2

=

new mod

new cycle

previous mode

Figure 2: Two learning cycles in the concrete symbolic mode

In Figure 2 the ‘previous mode’ is the ikonic mode and the six levels represented are those in

the concrete symbolic mode.  The diagram illustrates the general development pattern

expected moving from U1 to M1 to R1 etc.  The equal sign on the pathway from R1 to U2

indicates diagrammatically that for many students this development is more about mental

chunking of the ideas as opposed to the addition of necessarily new content.  The ‘new cycle’

represents potentially a further cycle of development in the concrete symbolic mode and the

‘new mode’ in this example refers to the formal mode.

Context for the study
Astronomy Village®: Investigating the Solar System™ is an interactive CD ROM software

package designed and developed by NASA Classroom of the Future.  Through Astronomy

Village students are transported to a virtual village in Hawaii where they investigate what the

surface of Pluto might look like when the first NASA mission arrives in 2015.  The program

allows students to negotiate their way through a number of investigation cycles that mirror

phases of scientific inquiry.

In the first investigation cycle, students were introduced to the core research question

concerning the surface of Pluto.  Students considered whether icy volcanoes could exist on

Pluto by examining the surfaces of other icy bodies in the Solar System.  They also examined
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whether plate tectonics might exist by investigating its effects on other rocky planets similar

to Pluto.  During the exploration phase of the investigation, students were exposed to aerial

images of various planetary features to prepare them for the analyses of planetary images.  In

the background research phase, students read library articles and were given teaching periods

to help them understand key scientific concepts.  During the data collection and analysis

phases, students drew conclusions about the research question.  This core investigation cycle

lasted one week.  In the second week, students followed the same sequence of phases as they

did in the core investigation when they undertook a follow-up investigation.

Method
The exploratory study involved 31 students in Years 5 and 6 (i.e., students 10-to-12 years of

age) from two schools in rural New South Wales.  Students in both schools had completed an

astronomy unit about planets earlier in the year.  During a two-week period, six one-hour

workshops were conducted with the students using Astronomy Village®: Investigating the

Solar System™.  A senior educational researcher from NASA Classroom of the Future,

supported by the students’ normal teacher, conducted the lessons.

Guiding the research reported in this paper are two research questions:

1. What insights regarding student understandings of planetary processes are gained

from using the SOLO model to interpret pre and post-test responses?

2. How do students’ results from a multiple-choice test and open-response question

compare?

Data Collection

Prior to students engaging with the program, all students completed two assessment tasks.

First, students were asked to complete a 40-item multiple-choice test.  This had been

developed and modified based on research data collected over a number of years by

educational evaluators at the NASA Classroom of the Future program at Wheeling Jesuit

University.

Items 1, 14 and 27, provided below, are taken from the multiple-choice test.  These are

representative of the type of items posed.  It is important to realise that at this point in time the

structure of the planet Pluto is unknown and that all available information has been inferred

from images of the planet.
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Assume that Image 1 (supplied to students) was taken above the imaginary planet Pagano.  The
formations on the left side of the image are

1
a)  Cracks on the surface of the planet
b)  Rocks formed from glacial movements
c)  Volcanoes or volcanic features
d)  Sand formations similar to sand dunes

Image 4 (supplied to students) was taken from a satellite orbiting the imaginary planet Trapesius.  A
scientist noted the great number of parallel lines in the picture.  What are these formations?

14
a)  Sand dunes
b)  An icy substance that has melted and refrozen over and over
c)  Faults
d)  Folding mountains

Recall the processes of planetary convection and plate tectonics. Which of the following is evidence
of plate tectonics on a planet?

27
a)  Long chains of mountains, volcanoes and faults located near one another
b)  Mountains, volcanoes, and faults in ‘clusters,’ distributed evenly over the surface
c)  Patterns of volcanoes forming near parallel lines of longitude
d)  Patterns of fault lines and cracks radiating outward like ‘spokes on a wheel’

Items 1 and 14 required students to identify appropriate landform features using images

supplied on the test paper.  Item 27 is more concerned with the process of landform

development.

The second assessment task had two aspects.  Each student was asked to draw a picture of the

surface of Pluto showing the features they expected to be present.  Following this, they had to

complete the open-response question: “Explain in as much detail as possible how you think

the features you have drawn were created on Pluto.” Both assessment tasks were completed

again at the end of the two-week period thereby providing pre and post-test data.

Data Analysis

The multiple-choice test was marked and the results presented as a percentage for each

student.  The open responses provided by students (in both pre and post-test) were initially

coded into ‘like categories’ by two educational researchers with considerable experience in

using the SOLO model.  Once completed, content analysis was used to identify particular
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elements demonstrated in the responses.  These were considered in relation to the framework

of the SOLO model.  As the SOLO model has not been used previously to analyse visual

representations as those provided in the drawing aspect in Task 2, the decision was taken that

the drawings would not be coded but used to assist in the interpretation of the written

explanations where appropriate.

Results
Multiple-choice questions

The mean score for the multiple-choice test increased from 37% at the pre-test to 54% at the

post-test.  This difference was statistically significant (t = 5.21, p < 0.01) indicating that, as a

cohort, students had improved markedly after the two-week intensive program with the CD

ROM.  Table 1 provides details of the nature of the improvement on the multiple-choice test

scores.

Table 1: Numbers of students in particular percentage mark ranges

% marks <10 10-29 30-49 50-69 >70

Pre-test 3 7 15 4 1

Post-test 1 2 8 15 4

Overall, 30 students were present at both the pre and post-test.  Twenty-one students

increased their score over the two-week period, the scores of six students stayed the same and

three students’ scores decreased.

Open-response item

In presenting the results from the open-response item, student names are used.  However,

these are pseudonyms to protect the identity of the students involved.  Also, the examples

provided reflect spelling and/or grammatical errors as provided by the students.

In summary, all of the student responses were representative of either the ikonic or concrete

symbolic modes.  Within the responses designated in the ikonic mode, students provided

descriptions of the various elements comprising their picture of Pluto including the colour or

the types of shapes they used.

“I drew grey bumps and thought of blue as well.  I also thought of little dots
of purple (School A, pre-test)” (Anne)
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This type of response provided by Anne is strongly visual in that the student focused solely

on explaining the physical attributes of the drawing with no attempt being made to

incorporate scientific content knowledge into the response.  Given that this is a pre-test

response, the student has relied upon prior knowledge regarding planetary appearance.

However, Anne gave a similar response on her post-test after two-weeks of intensive

interaction with the CD ROM.

In contrast, the majority of students from both schools demonstrated a higher degree of

abstraction as they recognised that the symbols they had drawn on their diagrams represented

real-world referents.  This is characteristic of working in the concrete symbolic mode.  It was

possible to identify two learning cycles within this mode: i.e., first cycle and second cycle

responses.

Within responses representative of the first cycle, students identified and discussed their

conceptions of the various planetary features of Pluto including the presence of volcanoes,

impact craters, rivers, cracks or faults, folding mountains, glaciers, sand dunes, and frost and

ice.  These type of responses identify either climatic or landform features thereby reflecting

their learning experiences.  Examples of students’ responses for the U1-M1-R1 levels are

provided in Table 2.

Table 2:  Examples of first cycle responses from the post-test

SOLO coding Student examples

U1 “I thought Pluto was a cold planet with
glaciers” (Mary)

“I drew circles because Pluto will have big
volcanoes on it” (Brad)

M1 “I think Pluto is a cold, frost planet with
many cracks and crevases on it” (Tom)

“I thought there was volcanoes on Pluto.
Also there is a chance of plates on Pluto.
And it has lots of glaciers and ice” (Scott)

R1 “I think Pluto is similar to Triton because
they are both cold and Pluto has many
faults, no quakes, and only a couple of
volcanoes” (Brenda)
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In considering the examples of U1 responses, the students who responded this way have

focused on a single climatic or landform feature of Pluto.  This contrasts with the M1

responses in which students incorporated both climatic (e.g., ice and glaciers) and landform

(e.g., cracks, volcanoes) features.  While students identify two or more elements in their

responses, no attempt is made to integrate the features identified.  Finally, the R1 response

demonstrated that the student had recalled knowledge about a moon discussed on the CD

ROM and used it as a model to organize the features of Pluto.  This focus on integration by

comparing to another real world referent is characteristic of relational thinking.

A review of the responses for the first cycle highlights an interesting commonality.  Within

each response there is an emphasis on identifying the physical attributes of Pluto.  However,

there was no attempt to explain the origin of the features.  Students picked up this aspect in

the second cycle as they provided causal explanations for each of the identified landform

and/or climatic features on Pluto.  Student examples of responses for the U2-M2-R2 cycle are

provided in Table 3.

Table 3:  Examples of second cycle responses from the post-test

SOLO coding Student examples

U2 “Heaps of medeors hit it with such force it
created massive craters and gullies” (Rob)

“The surface of Pluto was battered by
meteorites and asteroids making all the
craters and cracks on the surface” (Kay)

M2 “The craters were formed by small comets
hitting Pluto and a really big comet hit
Pluto and it made a big crater and around
the crater are big cracks because of the
impact and the volcanoes were formed by
the ground pushing against each other so it
went up – that formed the volcano” (Kim)

R2 “Comprehensive and extensive faults are
scattered over the surface of Pluto, in a
way that suggests that it is not plate
tectonics as it does not form a jigsaw
pattern.  Volcanoes are scattered among its
surface caused by plume tectonics and the
flow of lava up the cracks causing the
bulges on the planet’s surface” (Jason)
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At the U2 level of response, there is a single cause and effect described (e.g., craters due to

meteorites).  Other students discerned two or more of these causal connections in explaining

how particular landform and climatic features arose on the planet.  Characteristic of these M2

responses is that while a number of explanations are identified, they exist as independent

entities with no attempt made to link them together.  However, a small proportion of students

linked a number of causal explanations of the planetary features of Pluto around the concept

of plume tectonics.  The ability to integrate the various components together and draw on

experiences from their own knowledge of Earth is characteristic of a relational (in this case

R2) level of thinking.

These results indicate that the two cycles of learning in the concrete symbolic mode have

distinct emphases.  In the U1-M1-R1 cycle, students focus on the obvious and most easily

recognisable landform or climatic features on the surface of Pluto.  Alternatively, in the U2-

M2-R2 cycle, students recognised a cause and effect link as they attempt to explain the

underlying process causing the various features on the surface of the planet.

Comparison of pre- and post-responses using SOLO

Figure 3 summarises the mode and level categorisations for those students (N = 31) who

completed the drawing and description task at both the beginning and end of the teaching

period.  One student did not provide a pre-test response although they were present and two

responses were coded in the ikonic mode.  The remaining responses were coded into the six

levels in the concrete symbolic mode, namely, U1, M1, R1, U2, M2, and R2.

Figure 3:  Summary of pre and post-test data for SOLO analysis
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Overall, thirty students responded to both pre and post-test questions.  Fifteen students (50%)

responded at the same level on both tests with one of these students providing ikonic

responses for both; four providing M1 responses; one an R1 response; two a U2 response; and

seven students providing M2 responses.  An improved performance over pre and post-test was

demonstrated by ten students (33%).  Of these, nine students improved by one level with four

and three students scoring U1 and U2 on the pre-test, respectively.  One student improved by

four levels to R2.  Five students (17%) gave lower-level responses on the post-test.  Four of

these students showed a one level decline (i.e., responses moved from M1 to U1, or M2 to U2).

There was one exception with a U2 response for pre-test becoming an M1 for the post-test.

A statistical analysis of the pre and post-test results using a Wilcoxon signed rank test

revealed that the magnitude of the increase was not statistically significant.  A major reason

for this was the large number of students who remained constant in terms of their level of

understanding as demonstrated by their written responses.  This suggests that while the

implementation of Astronomy Village was effective at increasing many students’ growth in

cognitive reasoning as measured by the SOLO framework, the size of this growth considered

across the entire sample was not a statistically significant improvement.

Comparison between the multiple-choice results and the SOLO analysis

The multiple-choice results were compared with the SOLO results using a Pearson product-

moment correlation.  To facilitate this, the SOLO categories of response were encoded using

0 for the ikonic mode responses through to 1-to-6 representing each of the levels identified in

the concrete symbolic mode (i.e., 1=U1, 2=M1, etc).  The correlation between the pre-test

multiple-choice test results and the SOLO coding was 0.438 while the correlation between the

post-test multiple-choice test results and the SOLO coding was 0.703.

Discussion and implications

The analysis of student’s responses using the SOLO model identified that the majority of

students were operating in the concrete symbolic mode with many using the ikonic mode for

support.  This was demonstrated as students referred to their diagrams as a means of helping

to explain the features they had drawn.  Given that the students were in Years 5 and 6 this is
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to be expected and suggests that inclusion of the diagram in the task may have facilitated a

more considered response by the students.

In terms of the concrete symbolic mode, two cycles of learning emerged.  The focus for the

first cycle was around identifying the landform and/or climatic features of Pluto.  However,

students made no attempt to explain why or how these particular features had been formed.

Alternatively, characteristic of responses in the second learning cycle was the provision of an

explanation as to the origin of the features present on the surface of Pluto.  For example,

students referred to the creation of craters by meteorites, and the presence of glaciers in

response to the cold temperatures experienced by Pluto because of its distance from the Sun.

It is in the second cycle that students begin to think scientifically by attempting to explain the

scientific processes creating the physical attributes of Pluto.  This distinction between the two

cycles supports the earlier research findings of Collis et al (1998), Levins and Pegg (1993),

Panizzon (2003), Pegg (1992) and Watson et al (1995).

Table 4 summarises student performance on the open-response question in terms of modes/

cycles for both the pre and post-test.

Table 4:  Student numbers per SOLO Mode/Cycle

Ikonic First cycle CS Second cycle CS

Pre-test 2 11 17
Post-test 1 13 16

CS = Concrete Symbolic mode

Interestingly, of the 13 student responses coded in the first cycle of the concrete symbolic

mode in the post-test, 11 of these students also provided first cycle responses in the pre-test.

Of the 16 students whose responses were coded as second cycle of the concrete symbolic

mode, 14 of these had responded in this cycle in the pre-test.  Clearly, these individual cycles

represent a stable entity for most students in this study, especially over the two-week

intervention period.

Further, comparisons between the pre and post-test responses provide some interesting

insights into student understandings as a consequence of engaging with Astronomy Village.

Firstly, students who provided responses demonstrating a higher quality of understanding on
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their post-test either identified a greater number of features (i.e., first cycle focus) or were

able to provide more than one cause-and-effect link (i.e., second cycle focus).  In other words

they displayed one level of improvement in the structure of their understanding by moving

primarily from U1 to M1 or U2 to M2.  This would appear logical given that this result

represents the difference between students’ prior conceptions and constructed understanding

based on their learning experiences with the CD ROM.  The exception was one student who

provided an M1 response initially but demonstrated an R2 level of understanding after the two-

week period.  In trying to explain this difference, the teacher suggested that the student is a

“reasonably bright science student with a particular interest in computers.”  The student

indicated that the reason for her M1 pre-test response was “I think this is probably because I

like making things up.”  It would appear that she took the post-test more seriously.

Secondly, in relation to students who identified no change in the responses between their pre

and post-test responses, some interesting findings emerged on closer scrutiny of their scripts.

For example, a number of students provided initial responses in which they focused on the

climatic features while in their post responses they addressed landform features.

Pre-test:
“Pluto may have iced rivers because it is cold due to its distance from
the Sun.  The cracks and mounds on the surface may be due to wind
erosion.  Craters over the surface of the planet could be due to
glaciers” (Adam).

Post-test:
“The faults are mainly due to extension and compression.  There are
many volcanoes due to movement, pressure and plume tectonics
experienced on the planet” (Adam).

Technically the structure of Adam’s responses is the same in both excepts because he

explains the scientific processes behind the physical features of Pluto as two independent

cause-and-effect links.  Clearly, both responses are indicative of the second cycle in the

concrete symbolic mode at the M2 level.  The importance, however, is that as a result of

interacting with CD ROM, he has been able to include in his response new information

related to the creation of landform structures on the planet.  So, while there has been no

demonstrable change in the ‘result’ as evidenced by the SOLO categorisations of his

responses, there is evidence of new knowledge construction.
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Thirdly, for students (N = 5) who provided lower-level post-responses in all but one case this

was a single level change from M1 to U1.  In the exception, this student had initially focused

on the climatic features of Pluto in relation to its distance from the Sun and was coded as U2.

However, in the post-test response, the focus was on identifying the different landform

features on the surface of Pluto with no attempt made to explain why or how these occurred

(i.e., M1 response).  This is not unlike Adam’s response, described above, because although

there has been a reduction in the level of understanding demonstrated in the response, the

student has clearly built upon the initial climatic understanding with the focus on landforms

but did not specify both in the post-test response.  It is possible to explain this in relation to

working memory and the likelihood that with additional time, the student would incorporate

both components in a response.

Consequently, in relation to the Research Question: What insights regarding student

understandings of planetary processes are gained from using the SOLO model to interpret

pre and post-test responses?  The results discussed in this paper suggest that analysis using

the SOLO framework allows greater diagnosis of the thought processing that is occurring as

students negotiate different learning experiences.  Rather than considering just the final result,

it is valuable to reflect on the response and consider it in relation to the capacity of the

working memory, and the time required for the learner to construct and incorporate new

information into existing conceptual structures.

These results provide some interesting insights regarding the effectiveness of the instructional

design used in the Astronomy Village package.  For example, it would seem that the

instructional sequence used on the CD ROM was helpful in enabling students to move from

focusing on one feature of Pluto at a pre-test to discussing a number of features at post-test.

This was evident from the number of students who moved from the unistructural to

multistructural levels of thinking between the pre and post-tests.  However, the interaction

with the package was not very successful at helping students develop relational frameworks

for understanding the phenomena in that there was little movement from a multistructural to a

relational level of response within either cycle.  Information of this type is both valuable and

insightful for instructional designers as they attempt to improve the quality of student learning

in the information technology area.  It may be that a greater period of time engaging with the

program is required for such a change to be demonstrated.
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Finally, the results suggest a developmental pathway that students’ traverse in learning about

planetary processes.  This is summarised briefly in Figure 4 where the cognitive development

in the concrete symbolic mode is indicated for the six levels identified in this study.

Figure 4: A developmental pattern of students’ understandings of planetary processes using the
SOLO Model

Considering the Research Question:  How do students’ results from a multiple-choice test and

open-response question compare?  In contrast to the SOLO analysis, results from the

multiple-choice test indicated that students made substantial improvement between the pre

and post-tests.  Again, this is not surprising given that students were initially relying on what

they knew intuitively or had learnt from their classroom experience prior to participating in

the study.  Of interest was the small percentage of students who actually achieved a lower

result for the post-test.  Given that the multiple-choice items were predominately content

based, this suggests that not all students improved their scientific content knowledge from

involvement with Astronomy Village.  The other confounding factor is that it is difficult to

gauge how much guesswork was involved in students completing the multiple-choice

questions.

With these possible constraints identified, the correlations between the two assessment tasks

for both pre and post-test responses suggest that they are measuring highly related but

R1 Overview of features,
eg, comparison with
another planet

R2 Use of some general
process, eg, plate
tectonic to explain the
features of Pluto

M1 identification of different
climatic and landform
features

M2 Explanation of processes
of climatic and landform
features

U1 Planetary features
identified climatic or
landform

U2 Process behind either a
single climatic or
landform feature

CYCLE 1 CYCLE 2

U=unistructural
M=multistructural
R=relational

CS=concrete symbolic mode

Indicates the direction in growth of underst
as determined from students’ responses

CS
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separate constructs.  This was particularly strong with the post-test results given the 0.703

correlation.

These findings suggest that utilising both instruments is helpful in providing a broader

perspective of the understandings gained by students as a consequence of interacting with the

Astronomy Village software.  Rather than having a focus solely on scientific content

knowledge, the educational designers from NASA considered that the open-response item and

SOLO analysis provided greater insight into student understanding of the processes of

scientific investigations underpinning the program.  Currently, the item is being used with

Astronomy Village while modifications of this item are being used to gauge the effectiveness

of other software programs.

Conclusion

The pilot study reported here explored the viability of using the SOLO Model to determine

changes in student cognitive reasoning as a consequence of interacting with Astronomy

Village®: Investigating the Solar System™.  The results suggest that the SOLO model was

successful in determining changes in the structure of student understanding between the pre

and post-test responses, and it identified the potential inadequacies of interactive programs in

developing student learning.

While most improvement in SOLO levels involved a jump from unistructural to

multistructural levels of thinking, only two students demonstrated an R2 level of response.

This is an interesting outcome in that most educators aim to encourage students to make

connections and linkages rather than deal with isolated components.  In the next phase of the

research, students will be exposed to a longer period of instruction as they engage in four

investigation cycles over a ten-week period.
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