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Abstract - Objective of this research was to analyse change in attitudes towards statistics in graduate students attending their second
course in statistics, and association between attitude towards statistics and course achievement. SATS-36 instrument, with six scales
(Affect, Cognitive Competence, Value, Difficulty, Interest, and Effort) was translated into Croatian and data collection was conducted
during the academic year 2018/19. Pre- Difficulty, with Cronbach’s alpha equal 0.67, was the only scale with reliability below 0.7.
Change in attitudes towards statistics were observed on all scales except Cognitive Competence. Students’ feelings toward statistics were
more negative at the end of the course, and they perceived statistics as more difficult than at the beginning of the course. On the other
hand, students’ perception of value of, as well as interest in, statistics increased. Perceived effort put into the course was higher than
expected at the beginning. The only association between course achievement and pre-, post-, or change in attitude scales was between
post- Effort and course achievement.
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1. Introduction

Recently there is a growing consensus that attitudes towards a course are equally important for knowledge application
in the future life as competencies acquired in the course. Schau and Emmioglu [1] argument that student attitudes will
influence whether students will use acquired competences in a future life. Students with negative attitudes towards course
are less likely to use course related competences in the future life than students with positive attitudes.

To measure attitudes toward statistics courses, in 1995 Schau et al. [2] designed the Survey of Attitudes Towards
Statistics. The first version, known as SATS-28, had 28 items grouped in 4 scales: Affect, Cognitive Competence, Value and
Difficulty. Affect refers to positive or negative feelings about statistics, Cognitive Competence refers to self-assessment of
intellectual knowledge and skills related to statistics, Value refers to attitudes about the usefulness, relevance, and value of
statistics in everyday life and Difficulty refers to attitudes about the difficulty of statistics as a subject. In 2003, Schau [3]
issued a new version, SATS-36. In comparison to SATS-28, in the new version, 8 new items were added and grouped into
two new scales: Interest and Effort. Interest indicates the level of individual interest in statistics and Effort indicates the
amount of work the student expends to learn statistics.

Both surveys were used and validated in many countries, e.g. Serbia [4], Russia [5], USA [6], Netherlands [7], Italia [8],
Switzerland [9], Estonia [10], Indonesia [11], and Turkey [12]. In Croatia neither SATS-28, nor SATS-36, were conducted
prior to this research.

Obijective of this research was to analyse change in attitudes towards statistics in graduate students attending their second
course in statistics, and association between attitude towards statistics and course achievement. For the purpose of this
research, SATS-36 was translated to Croatian and conducted during the academic year 2018/19.

2. Materials and Methods

Students' responses to Survey of Attitudes Toward Statistics (SATS-36) were collected during the first and the last week
of the course Statistical Data Analysis at graduate study of Economics of Entrepreneurship at the Faculty of Organization
and Informatics, University of Zagreb, during the academic year 2018/19. There were 55 students enrolled in the course, and
51 responded to both pre- and post- survey. Course achievement was recorded as sum of all points students made on course
assessments (range 0 to 100). We did not try to validate the six factor structure using confirmatory factor analysis because
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target population is small, and we would need to conduct the survey in several consecutive years to achieve reasonably
large sample size. Reliability of the six scales was assessed using Cronbach’s alpha, with 0.7 set as a limit value [1]. We
also inspected corrected item total correlations (CITC). Pre- and post-scores were compared using two-sided t-test.
Association between attitude scores and course achievement was assessed using Pearson’s correlation coefficient.

3. Results

Table 1 presents Cronbach’s alpha for SATS-36 scales. For pre-scale Difficulty Cronbach’s alpha was 0.67. Item
“Statistics is a very technical subject.” on pre-scale Difficulty was the only item with CITC < 0.2. For all other scales
Cronbach’s alpha values were at least 0.7, indicating good internal consistencies.

Table 1: Cronbach’s alpha values.

Attitude: Cronbach’s alpha values
Pre- Post-

Affect 0.84 0.85

Cognitive 0.86 0.81

Competence

Value 0.87 0.85

Difficulty 0.67 0.74

Interest 0.92 0.88

Effort 0.70 0.73

Table 2: Descriptive statistics for pre-, post-, and change scores of attitude scale.

Attitude Pre- Post- Change
Mean | Median | SD Mean | Median | SD Mean | Median | SD p-value

Affect 4.94 500 | 0.71| 3.48 333 | 126 | -1.45 -1.50 | 1.27 | <0.00001
Cognitive 4.34 433 | 0.78| 444 433 | 0.92 0.10 0.17 | 0.93| 0.42530
Competence

Value 3.98 3.89| 093] 4.9 489 | 0.96 0.92 0.89 | 0.98 | <0.00001
Difficulty 4.87 500 | 092 311 3.00| 081| -1.76 -2.00 | 1.04 | <0.00001
Interest 3.50 3.25| 091 430 400 | 1.31 0.80 050 | 1.39| 0.00013
Effort 4.96 500| 0.61| 5.84 6.00 | 0.78 0.89 1.00 | 0.84 | <0.00001

Table 2 shows descriptive statistics for pre-, post-, and change scores off attitude scales. Range of values was 1 to
7, thus 4 represents a neutral attitude. On average, at the beginning of the course students had negative scores on Interest,
neutral on Value, and positive on Affect, Cognitive Competence, Difficulty, and Effort. At the end of the course, their
attitudes stayed the same for Cognitive Competence, significantly decreased for Affect and Difficulty, and significantly
increased for Value, Interest, and Effort. Course achievement points varied between 53 and 91, with mean 71.6, median
72, and standard deviation 9.2. Distribution was symmetric, unimodal.

Figures 1 and 2 display distributions of pre-and post- scores, and distributions of change in scores, respectively.
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Fig. 1: Pre-and post-scores distributions of six SATS-36 attitude scales Affect, Cognitive Competence, Value, Difficulty, Interest, and
Effort.
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Fig. 2: Distributions of score changes for six SATS-36 attitude scales Affect, Cognitive Competence, Value, Difficulty, Interest, and
Effort.
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There was no association between attitude scores at the beginning of the course and course achievement
(correlations between 0 and 0.25, none significant at p<0.05). Correlation between attitude scores at the end of the course
and course achievement varied between 0.06 and 0.31. Only the highest correlation (between Effort and course
achievement) was statistically significant (p=0.025). There was no association between change in attitude scores and
course achievement (correlations between -0.05 and 0.16, none significant at p<0.05).

4. Conclusion

Pre- Difficulty scale was the only scale that did not achieve Cronbach’s alpha of at least 0.7. This is consistent to
findings of Tempelaar et. al. [7] on a similar population of students.

We have observed change in attitudes towards statistics on all scales except Cognitive Competence. For the Affect
and Difficulty scales this change was negative, i.e. students’ feelings toward statistics were more negative at the end of
the course, and they perceived statistics as more difficult than at the beginning of the course. On the other hand, students’
perception of value of, as well as interest in statistics increased, and effort put into the course was higher than expected
at the beginning. In comparison to [1] and [13] our students had different attitudes at the beginning, and their change of
attitude did not follow the same pattern. The only similarity is regarding increase in Effort as in [13], and no change of
Cognitive Competence similar to [1]. Further research is needed in order to explain these differences.

The only association between course achievement and pre-, post-, or change in attitude scales was between post-
Effort and course achievement. This was to be expected, as higher effort should lead to better achievement.

We plan to continue collecting data in order to be able to test construct validity of the Croatian version of SATS-36.
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