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Abstract
To assess the quality of different aspects of the learning outcomes in relation to knowledge
requirements as results of teaching several assessment methods have to be used. For most teachers
it is also obvious that students differ in their ability to demonstrate the learning outcome depending on
the assessment method used. In order to compare different assessment methods of the learning
outcome of pre-school teacher students’ different types of tasks were evaluated and compared in
order to identify the potential of each method to give the students fair chances of showing their skills.
Thus, assessments based on multiple choice questionnaires of different types, long answer questions,
practical laboratory experiments, experiment construction and the students ability to evaluate
experiment plans were compared. Having Swedish as mother tongue also was included as an
explanatory variable since we suspected that some of the assessment methods in reality rather
evaluates the linguistic skills in interpreting texts rather than evaluating the content knowledge of the
subject. The results for each student when different methods were used were compared in order to
evaluate if some of the methods for assessment gave similar results or if the methods induced
differences in the results for the same student. We use ordination techniques to assess and visualize
main trends in the data and linear models and classification trees to evaluate specific associations.
There is correlation between results from several assessment methods, there are positive correlation
between combinations of results from long answers, experiment and experiment construction,
meaning students who showed good results with one method did so also with the others - but in some
comparisons like long answer questions and multiple choice questions good results were independent
of each other. There was a negative effect of having a non-Swedish mother tongue on the results in
multiple choice questionnaires, but a positive effect of a non-Swedish mother tongue on the combined
scores on experimental construction and experiment. Linear models show that good achievements in
experimental construction are explained by high summed scores of Doll´s criteria, the four R’s
richness, recursion, relations, and rigor.

1. Introduction
A primary school teacher class was studied during their second semester which comprised of natural
science education. Learning was assessed in several ways, here we want to compare results from
written exams with questions of several types - multiple choice questions, long answer questions,
experimental skills, experiment construction and evaluation of experimental plans. We also wanted to
examine the effect of having a non-Swedish mother tongue, results from a nursing class in the United
States suggest that linguistic problems are explaining variation in test scores using multiple choice
exams [1]
There are specialized statistics used for studies of learning, e.g. used by e Silva et al. [2] that
manipulate the raw data prior to analysis. The problem with those approaches is that it is difficult to go
back from the statistical analysis to the kind of data collected, e.g. by making predictions from the
models. Instead we used several general purpose statistical methods that we earlier have applied in
ecology [3] and in medicine [4].
Our research questions are:
Are the results from different kinds of assessments uncorrelated or can they be grouped?
How does the students mother tongue explain performance in different assessments?
Can results from different kinds of assessments be explained by properties of the students, measured
using Doll´s R categories [5]

2. Methods
2.1 Data
The data is collected from pre-service teacher training classes. Data on scores from examinations
using multiple choice questions, long answer questions, experimental work, and construction of a
experimental scientific test and evaluation of other student's experimental scientific test are collected
from one classes in their second semester, in total 47 students. The scores from multiple choice
questions were maximum 17 (mean 9.8), for the long answer questions 10 (7.3), for the experiment 9
(7.2), for the experiment construction 10 (7.1) and the experiment plan evaluation 5 (4.3). All students
were classified into mother tongue categories "Swedish" and "other".
During their second semester the students did a fieldwork with repeated observations of the same
place in nature or in town. Those places were revisited in the fifth semester and the student reflections
made after this visit were analyzed. The quality of the reflections in each category was quantified
using Doll´s R: richness, recursion, relations, and rigor.[5] and the summed scores were used in
analyses (max = 55, mean = 31.5)

2.1 Statistical methods
We used the statistical package R 2.15.2 [6] and within the R environment applied ordination methods
from the package vegan [7], and the package effects [8] to make plots of predictions from linear
models. The classification tree was mad using the R-package rpart [9]. Linear models were
constructed for each of the assessment scores using the summed Doll´s R score as explanatory
variable.

3. Results
First we made a Principle component analysis (PCA) using the 5 assessment methods to form the
ordination. Each point is a student and those with similar profiles are close to each other. The arrows
point in the direction of the highest scores for each assessment.
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Fig. 1. Results from a Principle component analysis using the 5 assessment methods to form the
ordination.

Student with similar score profiles group together in the graph. The arrows shows the main trends in
the ordination, e.g., Experiment students to the right in graph have high scores and students to the left
have low scores. Arrows that go in the same direction indicate that students that have high scores in
one respect also have it in the other respect, e.g., multiple choice questions and experimental
construction. Arrows that are perpendicular to each other indicate that scores are independent, e.g.,
high scores in multiple choice questions are independent on high scores in long answer questions.
Mother tongue of the students are just plotted and do not influence the ordination.
To evaluate the effect of mother tongue we made a classification tree. The student are divided into
groups that are further subdivided according to the explanatory variable that explains most of the
variation in each division. When a group is separated out it is no longer part of the subsequent
analysis. The most important variables are highest up in the tree and the score limit given is for going
to the left branch in the tree. We can for example see that a group of students with a non-Swedish
mother tongue get low scores on multiple choice question assessments, but also that there is a group
of students with non-Swedish mother tongue that higher scores than those with Swedish as a mother
tongue on experimental construction and experiment.

Fig. 2. Results from a classification tree analysis where the scores from the five assessment types
were used to classify the students according to mother tongue. 13 out of 17 students with Swedish as
mother tongue are correctly classified and 28 out of 30 with other mother tongue.
We used linear models to evaluate the association between the scores from the five assessment
categories as response variables and the total score the R:s of Doll as explanatory variable. One of
the variables was significantly affected by the total score the R:s of Doll. The experimental
construction score was positively associated, the regression parameter was 0.072 with SE= 0.03
(F1,45= 4.7, P= 0.035).

Fig. 3. Prediction from a linear model using Experimental construction score as response variable and
the total score on the R:s of Doll as explanatory variable.

4. Discussion
The main picture from the PCA (Fig. 1) is that students with high scores in general comes out to the
right in the graph. This is obvious for the assessment using Long answers, Experiment and
Experiment construction. The scores for Experiment evaluation and Multiple choice questions are to a
large extent following Principle component 2 but pointing in opposite directions. In can be noted that
Long answer scores and Multiple choice scores are perpendicular to each other, meaning that the
results from those two assessments are independent from each other. The interesting result here is
that students with high scores in one type of assessment do not necessary get high scores in another
type of assessment.
In the PCA there seems to be a tendency for high scores which point to the right in the graph to
coincide with students with a Swedish mother tongue to be more common to the right in the graph. A
more elaborate way to study the effect of mother tongue is through the classification tree (Fig. 2). The
first division sorts out a group of students with non-Swedish mother tongue that gets low scores on
multiple choice questions. We suggest that this may be that multiple choice questions demand an
exact understanding of each word and of the construction of the sentence. Next two groups of
students with non-Swedish mother tongue that have high scores at multiple choice questions but low
scores on assessments from experiments a long answer questions are sorted out.
In the next two steps a group of students with non-Swedish mother tongue that have high scores at
experiment construction and on experiment performance, meaning that those activities are better
performed by a group of students with a non-Swedish mother tongue. Experiment construction is a
creative act and we suggest that it can be useful to have a broader linguistic and maybe also cultural
background or at least that the tasks are neutral with respect to mother tongue.
Two groups of students with a Swedish mother tongue are constructed – they have high scores in
multiple choice questions and long answer questions but intermediate scores in experiments and in
experiment construction, confirming the picture that multiple choice questions and long answer
questions are dependent on linguistic skills and that they do not necessarily measure the learning
outcomes they were designed for.
The summed scores for an evaluation according to Doll´s four R was positively affecting experimental
construction score (Fig. 3). The estimation of the level of Doll´s R were made independently from the

learning outcome assessments and we see them as measurements of individual development. High
scores on Doll´s R are connected with an assessment that contains creativity and we suggest that
Doll´s R measurements reflect personal properties that are useful in creative tasks. There are
suggestions that being multi-linguistic in general give positive effects for learning, see [10].
Our main conclusion is that different kinds of assessments give different results for different students
and that especially multiple choice questions may be problematic for students with a non-Swedish
mother tongue, possibly because they test language skills rather than the content knowledge of
subject.
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