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Abstract. This study investigated the role of self-generated drawings in solving
non-linear geometry problems. We aimed to identify factors for the repeatedly
reported negative effects of making drawings on performance. Eighteen second-
ary students from upper secondary schools received either a drawing or drawing
with highlighting instruction before solving the problems. Data were collected by
recording the eye movements during task processing and a stimulated recall in-
terview. Difficulties with the scale of the self-generated drawings and a lack of
conceptual content knowledge explained the observed negative effects on stu-
dents’ performance.
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1 Theory and Research Questions

Making a drawing is considered a powerful strategy for solving problems, which helps
in understanding the problem, finding appropriate solution procedures, and planning
and monitoring the solution process [2,3]. Important factors for a positive effect of
drawing are the quality of the drawing, the strategic knowledge about making and using
a drawing in the problem-solving process, and the type of problem [3,4]. However,
using the drawing strategy negatively affected performance in solving non-linear ge-
ometry problems, in which the area of similar figures had to be determined by a given
scaling factor. For example: “The side of square C is four times as large as square D. If
the area of square C is 1,440 cm2, what’s the area of square D?” [2]. Two important
reasons for the negative effect of self-generated drawings are as follows: First, the ten-
dency of linear overgeneralizations triggered by drawing (i.e., applying linear models
to non-linear situations). Second, the calculation of the area of the figure in the drawing,
which does not correspond in scale with the measurements provided in the problem
[1,2,6]. One possible explanation for the increase in linear overgeneralizations is that
the students focused on linear activities by making a drawing [1,2]. However, an inter-
vention that directed attention toward the area as the quantity to be calculated did not
lead to an improvement in performance [2]. In this study, we analyzed the potential and
obstacles to the use of self-generated drawings by linking students’ eye movements and
observed activities to the model of solving non-linear geometry problems. The model
was developed based on Polya’s problem-solving techniques and included the follow-
ing phases: Understanding the problem, schema activation, devising a plan, carrying
out the plan, validation, and documentation.
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2 Method

The present study involved 18 students (10 female, mean age = 16.12 years) from upper
secondary education, coming from two high-track schools and one comprehensive
school. Students were randomly assigned to one of two groups: Before solving the
problems, in one group students were asked to make a drawing and in the other group
students were asked to make a drawing and to highlight the quantity that they should
calculate. Both groups worked on a paper-and-pencil test. One problem was the task
described in Section 1, and the other problem was an analog task for calculation the
area of the circle. Data were collected by recording the eye movements during task
processing using Tobii Pro Glasses 3 and a stimulated recall interview (SRI), in which
students were asked to explain their solutions using the gaze replay videos. The gaze
data videos were triangulated with the statements from the SRI. The data were analyzed
by using a qualitative content analysis. The phases were analyzed according to the de-
ductive categories from the model of solving non-linear geometry problems (see section
1). Eye movements were coded deductively-inductively based on a category system
piloted in prior studies [5]. Categories of drawing use were: purely visual drawing use,
visual-action drawing use (e.g. measuring a side length), and non-visual drawing use
(e.g. using the drawing dimensions such as lengths in calculations).

3 Results and Discussion

Fig. 1. Examples of eye movements

We found evidence for the use of drawings by all students. Drawings were used to
understand the task, during the planning phase for remembering calculation methods
(Fig. 1, left) or to validate the calculated result by estimating the size ratio of the two
drawings (Fig. 1, right). During the execution phase of the solution, in 11 of 36 solu-
tions, the drawings were used incorrectly to calculate the area of the smaller drawing.
One student attempted to find the solution for the square task by using the drawing to
pave the larger square with the smaller one, but she failed in transferring the paving
strategy to the task of scaling circles. Concerning the linear overgeneralization we iden-
tified two types of “linear solvers”. The first type applied linear overgeneralization
without considering the problem (surface strategy) or due to a lack of alternative ideas
on how to solve the problem In only one case, linear overgeneralization could surely
be attributed to the activity of making a drawing. The second type first calculated the
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area of the small figure. After recognizing the incorrectness of this solution this type
applied linear overgeneralization due to a lack of alternative approaches. This seems to
be another important cause of the increase in linear overgeneralizations, rather than an
attentional bias towards linear variables caused by drawing, as assumed in previous
studies [1,2]. Students of both types sometimes had doubts about the correctness of the
solution and tried to validate it by estimating the size ratio of the two drawings. How-
ever, some students only superficially checked that one figure was significantly larger
than the other and did not recognize their mistake. Other students recognized the incor-
rectness of the solution but were not able to correct it. In addition to analyzing eye
movements, the SRI revealed that some students perceived drawing as helpful for re-
membering the area formula for squares or circles, while others found it unhelpful be-
cause the drawings were not to scale. Some students found drawing helpful for certain
problems (square problem) due to the paving strategy but not for others (circle prob-
lem). In summary, drawings were successfully used for remembering calculation meth-
ods or to validate the result. For many students, the discrepancy between the scale of
the drawings and the given numerical values revealed to be a significant obstacle to
integrating information from the diagram and text. This obstacle led to wrong solutions.
The main reason for this difficulty appears to be a lack of conceptual knowledge about
areas and similar figures, which seems to be a major factor contributing to the negative
effect of drawing. Another reason is the lack of strategic knowledge about using a draw-
ing during problem solving. These findings are in line with previous research results
[1,3] and further extend prior studies by demonstrating that at least some students rec-
ognize their erroneous linear solutions but nonetheless adhere to them due to a lack of
alternative approaches. Our findings have both theoretical implications for explaining
the negative effect of drawing [1,2] and practical consequences concerning the suita-
bility of drawing in solving non-linear geometry problems.
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